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The tube fitting evaluation program was initiated to achieve several 
milestones in the are a of advanced permanent and separable fitting designs 
that would. ,b.e_compatible with the program basic requirements. The fitting 
industry. was contacted in an effort.to locate and investigate new designs or 
concepts that are in current production along with associated assembly and. 
installation equipment. Many new. designs were quickly eliminated because 
of the. basic requirements: si, .000 psi operating pressure within the tempera 
ture range of -65°F to -fc450°F while also being compatible with 21-6-9 and 
Titanium 3A1-2. 5V tubing alloys. The current, state-of-the-art provides 
fitting designs that predominantly utilize swagings welding and the induction 
braze method of assembly with tue tubing. There appears to be four basic., 
types of fitting /tubing assembly methods: 

Brazing 

Welding 

Swage 

Cryofit (shrink) 

It was decided that the test program would attempt to encompass— 
all four assembly .methods and. fabricate test assemblies, into permanent 
and separable type fittings with two boss designs compatible with the 

separable designs where possible. These fittings Sv-ould be procured 

"over-the-counter", with assembly to be accomplished by the fitting 
manufacturer utilizing tubing spe cimehs. furnished by the testing agency. _ 
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A data review on fittings and related testing reveAled thftt testing to 
currently available' standards ran produce a wide variation., ..in le st results 
duo to the various interpretations of the standards with respect to nvthods, 
procedures and equipment design /operation. . One of the primary goals of 
this program is to develop a standard overall test ..program including methods, 
procedures and equipment as well as recommended test sequences for 
qualifying fitting/tubing assemblies. This would permit correlation of t< st 
data/results from any qualified fitting manufacturer or airframe manufacturer 
The program consisted to testing the MS flareless ( separable) fitting 
and utilizing the results as baseline data from which all other fittings will 
be evaluated. Five separable designsjmd five permanent designs w^r^ 
tested in three sized (-6, -10 and -16) with two types of. tubing materials 
(21-6-9 and 3AL-2. 5V). Each participating vendor will receive a copy of 
the basic report, Volume I, which includes discussions of th^ MS baselin* 
tests as well as discussions on the test procedures and various tubing mate- 
rials, In addition, each Vendor will receive a copy of the test rcsults_appli- 
cable only to his own product and the MS baseline data test results. 


II. PROGRAM. BACKGROUND AND REQUIREMENTS . 

Ensign requirements of future Aircraft plunibing Systems. necesSil riles 
An increase' in operating prosimrcsL-as well as operating environment. The 
MS flareleSs fitting and many .other fittings available on today'.S market will 
not meet the increased requirements Closely, associated With the problem, 
ot fittings is the tubing material and wall thickness as .well as_flaws in tlv 
tubing and tittings. Therefore, ASD developed a program to determine- 
exactly what was available ort today 1 s_market and/or design boards that 
would meet the demand of. these futuristic requirements. These require- 
ments are not unrealistic, as hawe been, proven on the SST and B-l aircraft 
programs. 

The program waS.then set up to acquire the latest designs fro m the 
fitting industry and. then, have them assemble their fittings with test tubing . 
furnished by the contractor. The tubing was procured by the contractor to 
rigid specifications (including ultrasonic inspection) in.order to aidth^.fail- 
ure analysis. .The tubing was then cut and shipped to the. fitting manufacturer 
for. assembly with the designated fittings.to form the test specimens 

One of-the-basic requirements in aerospace System design is-mini- 
minum weight and this requirements is applicable to both the permanent 
fittings , -.separable fittings and tubing. Normally the minimum, wall thick- 
ness tubing will be used_to_achieve the. maximum in weight reduction.- 
Therefore, the tubing is susceptible to fatigue especially if a flaw or stress 
riser exists, the data review indicated that the predomirtan.ee of failures 
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occur nod in tho tubing and not in the- filling. Also, tho creator per rent ng< 
of failure's occurred adjacent to (within two tube diamlcrs) t hit-£ittins joint 
Several reasons could he attributed to the proximity of these failure's such 
a s: 

Change in section properties at the junction of tube and fitting 

- The brazing, Swaging or welding operation with, related high 
temperatures or -work hardening could affect the tubing 
material within a certain area of the joint 

The critical stress point often occurs at the. junction of 
fitting /tubing 

After reviewing the various test programs that have been conducted 
along with a review of the system failures that have been documented^, it . 
is noteworthy that very few failures actually occur in the fitting itself 
(permanent or separable) and the critical area is the interface or joint 
between the fitting and tubing. This is the. area where the primary emphasis 
is centered for future designs and it is also the area where the test proce- • 
dures and test equipment design will be focused. Another critical area 
is the tubing and the-associated flaws .or defects that reduce the fatigue 
life. The results of the numerous tubing tests should provide useful data, 
with respect to tubing surface conditioning, non-destructive inspection 'NDI) 
and texture control. 

In order to encompass the complete test spectrum for tube-fitting 
qua lification requirements fifteen (15) separate tests were recommended 


Repeated Assembly 

- Proof. And Burst 

- Rotary F.loxure (Rooni Temperature -Artel 400 psi). 

- Rotary Flexure (Room Temperature and 4 000 psi) 

- Rotary Flexure (450°F. and. 4000 psi) 

- Impulse 

- Misalignment and Assembly Torque 

- Thermal Shock and Stress Corrosion .. 

Tube -REstraint*. and Axial Pull 

- - Vibration 

- Fire Resistance 
Structural Load Relaxation 


Proof pressure, burst pressure and gaseous leakage tests are used through 
out the test sequences at opportune points to verify the integrity of the test 
specimens following any designated test or operation. The separable type 
fittings .nece s sarily receive more tests. than the permanent type fittings 
due to. the more complicated joint and potential failures or leak paths 
associated with the interface. The test conditions for the new Class I 
fittings /tubing would include: 


Operating Pressure _ 4000 psi 

Proof Pressure 8000 psi 

Burst. Pressure 16,000 psi 

Max. Operating Temperature _ 4.50°F 

Min. Operating Temperature -65°F 


Using the .appropriate references as a guide, the test methods, 
procedures and equipment were developed to generate the most meaningful 


'■'Applicable to separable designs only. 
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lest.-anrl useful data. The, so items a -re discussed in greater detail in sub- 
s it c| ue itt Sections, 

In addition to the new fitting designs, it. was also agreed that no 
reliable data existed on the MS-flarclesS fittings and 304 1/8- H CUES 
tubing, the combination of which would furnish usable baseline data if 
tested to appropriate specifications. Since the MS flareless fittings have 

i 

gained^ considerable- experience to date in the aerospace field, it_was 
decided to subject similar test specimens, assembled with MS unions,, 
to the same series of tests with the following Class II test conditions: 


Ope rating Pressure 3OOJ0~psi 

Proof Pressure 6000 psi 

Burst Pressure 12000 psi 

Max, Operating Temperature 275 °F 

Min. Operating Temperature -65°F 


The remaining requirements are discussed in detail throughout 


the subsequent sections. 


7 


HI. IIA'I’A REVIEW 


One of the p rog ram re qui re rw;n ts wa a 


a .review iif the 


r e 1 ate d dnla 


listed as. follows:. 


Military Specifications 

MIL-F- 18280 Fitting, Flareless Tube, Fluid. Connection 
MIL-F-5509 Fittings,. Flared Tube., Fluid Connection. 

MIL“F-27417 Fittings, Rocket Engine, Fluid Connection 

Military Standards 

MS 33649. Bosses, Fluid Connection - Internal Straight Thread 
MS 33566 . Fitting, Installation of.Fla.eless Tube - Straight Threaded 

Connector . _ j , 

AND 10.064 Fitting, Installation of Flared Tube, Straigh rea e 

Connectors 

MIL-STD-810 Environmental Test Methods 
NASA Specifications 

KSC-F- 124 -Fittings /Pressure Connections /Fla red. Tube 
MSFC-SPEC- 143 Fittings, Flared Tube/Premium Quality /Pressure 
Conne ctions , Spe cifications.. f o r 

Industry Specifications 

ARP 899 Connectors and Connections, Fluid System - Permanent Type 
ARP 1055 (Proposed) Fire Resistance and Fire Test Requirements 
f nr Fluid Svstem Components 


Technical Reports 

AFAPL-TR-69-67 Titanium 6AL-4V Hydraulic Plumbing for Advanced 
Aerospace Vehicles. 

AF RPL-TR-65- 161 Exploratory Development Work on Families o 
Welded Fittings for Rocket Fluid Systems 
RPE TOR 64-24 Applied Research and Development on Families of 
Brazed and Welded Fittings for Rocket Propulsion Fluid 

Systems , 

AFRPL. TR 66 - 162. Development of AFRPL Threaded Fittings or 

Rocket Fluid Systems 
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R'J'I) TP R 63-] 1 ]5 Development of Mechanical Fittings - Phases 1 
a lid II 

ASD TR 6 1-4&6- Metallic Boss Seal Evaluation and Test-Program 

RPL TDR 64-25 Aerospace Pluid Component Designers Handbook - 

Vols 1 ahd 2 

NA 60-648 Evaluation of AM 3 SO- CUES Hydraulic Tubing .and ED 
273-0001 Union.- Brazed Tube for 4000 PSIG Hydraulic 
Systems Applicable to XB-70 Airplane 

WADC TR 59-267 Hydraulic and Pneumatic Fitting and Tubing Tost . 
Program 

WADC TR 55-163 Testing of Metal Ross Seals 

In addition, the following documents, were reviewed: 

NASA TR-324-D, "Test Report - Lockheed Industrial Products - 
Modified AN Fittings." - May 27, 1966 

NASA CR-952, "Leakage Testing Handbook" - April 1968 

NASA, "Proceedings of the Conference on -the Design of Leak-Tight 
Fluid Connectors" - March 1964 

NA-66 - 11.41, "Hydraulic Plumbing for Advanced Ae rospace Vehicles," 
October 12, 1966 

WADC-TR-54- 189, "Theoretical Investigation of Optimum Pressure s 
in Aircraft Hydraulic Systems" - January 1954 

LTV- 2- 501000/8 R- 247 9, "Development of Hydraulic System Field 

Repair Kit Using Adhesive Bonded Permanent Joints," Proposal - 
February 1968 

ASN- JP-2CL70-2, ."Fluid Power Technologies - SAE-A-6 Committee 
Index of Minutes" 

AFML-TR-.7 1* 156, "Diffusion .Welding of Wrought Beryllium, 11 
T. J. Bosworth, Boeing Company 

13AC-S11AU (30.31) 12/1.4/70 Std. "Seal, Boss, Titanium" 

BAC-2071, "Groove Configuration - Titanium BoSs.Seal" 

ARP 994 (Proposed 27 August-1971) SAE A-6 Committee "Recommended 
Practice for the De.sign o£_Tubing Installations for Aerospace 
Fluid Power Systems" 
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NASA - Tech. Brief 7J - 10266, "Criteria for Vibration Testing, " 

August 197 1 

Meeting Minutes //6L- SAE G-3 Committee - July 1971 

Meeting Minutes _//70 ■> SAE -A - 6 Committee - March .1971 

Meeting Minutes - "Hydraulic Titanium Tubing & Kitting Conference," 
AFSC/ASD/ENJPF - July 1971 

Papers for SAE-A-6 Committee Meeting 

"Fluidic Gas Power Sources," Dr. A. E. Schmidlin - Picatinny 
Arsenal - October 1971 

"Need for Particle. Size Standards, in Fluid Contamination Measure - 
ments" - L. D. Carver and M. C. Lambert (HLAC) - October 
1971 

"Long Life Dynamic Seals for. Hydraulic Flight Control Actuators and 
Other High. Cycle Rate Components," Hans G. Krause, Boeing 
Company, October 1971 

Review of the above listed documents was covered under a separate 
phase of the program. Several benefits, were derived from the Data Review, 
but the most significant was the large degree of difference that existed 
with respect to the number and types of tests, methods, procedures and 
equipment used by each facility in testing tube /fittings. These differences 
created, significant changes in results and renders correlation of data an 
impossible task because there is no standard to use as a basis. 
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IV. TEST PROGRAM 

Thd .proposed tost program was prepared and submilted.iar.ASD 
approval following consideration of the various factors that are required,... 

such as: 

All Class I fittings to be procured must be compatible with: 

(a) Armco. 21-6-9 ORES .tubing (-6, -10 . and -16) 

(b) Titanium 3A1-2. 5 V (-6, -10 and -16) 

All Class I fittings shall be tested to: 

4, 000 psi operating pressure 
-450 °F. max. temperature 
-65°F min. temperature 

Class II fittings (MS only) shall be tested to: 

3000 psi operating pressure 
+27 5° max. temperature 
-65°F min. temperature 

Class II fittings shall be tested with: 

304 - 1 /8H CRES tubing (-6, -10 and -16) 

_ All tubing Jto be purchasecLto detailed specifications 

- Minimum wall thickness for test tubing. to be .020 


Each of three sizes of tu.bing.t.Q. utilize one wall thickness per 
material 

Each. vendor must be. capable of providing fittings in three 
sizes: -6, -10 and -16 for separable and/or permanent fittings 

Each vendor must be able to assemble (or have as sembled) 
the fittings with the. two types and.three Size.S.of tubing noted 
above 



The test prograitt.was.4o bo structured to include as many fitting,, 
designs as economically possible of the permanent and separable type with 
each- design to receive the appropriate,teSts listed in Section.2, In addition, 
boss designs would be selected. and tested in accordance with the separable . 
fitting requirements. In order to simplify. the total requirement a. summary 
is presented in Table 1 wherein the permanent,, separable and boss fittings/ 
designs are each designated as to which tests they will receive,. Each per- 
manent and separable fitting (including MS flareless) will be tested in sizes 
-6, -10 and -16. The 304-1/8 H tubing with MS fittings will be tested at 
the lower pressures and temperatures. 

Baseline data shall be acquired on MS flareless separable fittings 
per MIL-F- 18280; these teats shall be conducted on sizes (-6, -10 and -16) 
using Class II temperature /pressure conditions. However, detailed test 
procedures will be developed for each test that can be applicable to all 
types of fittings. 

The test plan was structured to include, as a minimum, the following 
tests and test requirements: 

Repeated Assembly Test (for- Separable designs only) & This. test 
shall consist of assembly and disassembly a minimum of 8 times.. Various 
combinations of maximum torque, minimum torque, relative rotation of 
mating parts, and interchange of mating parts shall be used. Seal 

replacement, if required, shall be in. accordance with-the manufacturer's- 

instructions. During the course of the above assenably procedures for the 
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TABLE 1 

TEST PROGRAM SUMMARY 



Permanent 

Separable** 

Test 

21-6-9 

Titanium 

21-6-9 

Titanium 

^Repeated Assembly 

O 

O . 

X 

X 

Proof./Burst Pressure 

X 

X 

X 

X 

Rotary Flexure I .... 

X 

X 

X 

X 

Rotar.y Flexure II 

X 

X 

X 

X 

Rotary Flexure III 

X 

X 

X. 

X 

Impulse 

X 

X 

X 

X 

*Mis alignment and 
*Tube Restraint 

o 

o 

X 

X 

Thermal ShoCiC and 
Stress Corrosion 

X 

X 

X 

X 

* Vibration 

o 

o 

X 

X 

Fire Resistance 

X 

X 

X 

X 

^Assembly Torque and Axial Pull 

o/x 

o/x 

X 

X 

Creep 

0 

o 

X' 

X 


^Applicable- to separable fittings only. 

The separable tests also apply to bosses. 
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assembly torque test, data shall be recorded bn. the stresses noted in the 
tubing, when the coupling nut is torqued to its proper value. .Proof pres- 
sure shall be applied at- the.. conclusion of each test and a minimum of two 
other times Spaced at-equal intervals throughout the test. A minimum of 
two test articles shall be used for each size and tubing material tested. 

Proof Pressure Test - Proof pressure testing is to be conducted at 
appropriate times during the. program. Test procedures shall be developed 
with ARP 899 as a guide usin g th e highest operating temperature of the 
fitting class under consideration and a test pressure of two times the 
design operating pressure. 

Burst Pressure Test - Burst testing will be conducted as.a ...deSiruc- 
tive pressure test using ARP 899 as a guide and utilizing the highest operating 
temperature of the fitting class under consideration and a test pressure of 
four times the design operating pre Ssure. This test shall be conducted 
after the test specimen has been exposed to the highest operating tempera- 
ture of its class for a period of 10 hours. 

Impulse Test - This testjs to be conducted for 250, 000 cycle^_using_ 
a "square" pressure wave per MIL-P- 18280C, .Figure 2, as a guide. The 
ambient temperature shall be cyxled during the test a minimum of five 
times between -65 0 E and the highest operating temperature of the class 
.under consideration; at least 75 p e r c e nt .oJLth e ... te . s t _. t ime shall be at the 
highest temperature. .The impulse rate shall be no greater than 70 cycles 
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pc r. minute. A minimum tlf four toSt_au-ticlc S Shall be Used for each size 
and tubing material tasted,. 

Gaseous Leak&gc Test - The Contractor shall devise a Suitable 
gaseous leakage test to be applied at appropriate times during the testing. 
Tests shall be conducted at the highest operating tempo raturdof the class 
of fittings under consideration and at both 100 psi and the design operating 
pressure. 

Rotary Flexure /Fatigue Tests -■ Stress/cvcle (S=N) fatigue tests 
shall be conducted by the contractor for fittings mated with tubing „of sizes 

(-6, -10 and -16).. In addition, these tests shall also be conducted- on the- 

MS flareless fittings mated to MIL-T-6845 (Type 304, 1/8 hard) tubing.. 

An internal pressure equal to the design operating pressure shall be 
applied to half the test specimens with the specified bend'ng loads super- 
imposed; te sts on the other half of the compliment of fatigue specimens . shall 
be tested with pressure sufficient only to determine leakage. All tests will 
be performed using the rotary flexure technique. Two test temperatures 
will be used, vizu^ room temperature and. the highest Operating temperature 
of the class of. fitting under consideration. For each size, and at both 
temperatures, S-N diagrams will be constructed for tests performed with, 
and tests performed wuthout, internal pressure,. 

Thermal Shock Test - This test is to be conducted using ARP 899 


as a-guide. 
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Vibration Tost (separable designs only) - A suitable test shall be. 
devised by the contra ct or lo-dete rmine the susceptibility of . each separable 
design to loosening and failure when subjectccLto a vibratioh^iiAdronmOnt, 
MIL-STD-810 b shall be used as a guide for this test. 

Fire Resistant Test - This test is to be .conducted in accordance - 
with procedures developed using as a guide ARP 1055- Claes UA M test at a 
pressure equal to the desdgn^ope rating pressure and. a fluid temperature, of 
the highest operating temperature of the class of fittings under consideration^ 
Fluid flow rate in gallons per minute shall be equal numerically to the square 
of the inner diameter oi the tube when expressed in inches. 

Axial Pull Test - The contractor shall devise a test to determine 
the ability of. each design to resist an axial tensile load applied to the 
attached tubing. 

Misalignment Test .- The contractor shall devise a suitable test 
to determine the ability of jeach design to accommodate a condition whereby 
the axes of the~tubes are not collinear. 

Tube Restraint Te st (separable, dc signs only) - The contractor shall 
devise a Suitable test-to .dete rmine the ability of each-separable design to 
accommodate a condition whereby'the tubes arc rc strained so -that-the mating 
surfaces of the fitting are not. in contact when the assembly process is. 
initiated. The assembly process, therefore, must overcome this mis- 


match in order to make a connection. 
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Stress Corrosion Test - This test ia_ta be conducted in accordance- 
with procedures do velopc.d. using ARP.-&99 as a guide except that alternate 
immersion cy clin g shall be used ill place of the standard salt spray test. 
Alternate immersion consists of submerging the te^d. article in a representa- 
tive corrosive medium, then extracting the._s_pecimen and~allowing it to dry 
thoroughly. The cycle is repeated continuously for the duration of the test. 

Structural Load Relaxation Test (Creep) (separable designs only ) - 
The contractor shall devise a suitable test to_datermine the ability of each 
separable__.de signjto resist relaxation of the structural loads- in the joint 
which may occur solely as a function of elapsed time and elevated tempera- 
ture . 

Rotary Flexure Test - These tests are for the purpose of verifying 
the endurance limit~tentatively established by the fatigue tests Specified 
in Rotary Flexure Fatigue Tests and shall be conducted_se as to. impart - 
360° bending loads to all tube -to-- fitting-attach. points of each flexure test 
article. Although sufficient internal pressure shall be applied to detect 
any leakage which might occur during the test,, the pressure stresses shall 
not contribute measurably to the loading of the joint. Tubin g a nd fittings 
for this test shall be of Sizes (-6, .-10 and -.16). 

First, a test procedure was. developed to fill bach of the above require- 
ments. These procedures were submitted for ASD approval. It must be 

emphasized that the referenebs-notbd in each test were used with caution 

"as a guide " and every item therein was questioned as to. '.'.why is it done this 
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way?" or "is there a better way?" or "what-a_ro we really looking for?" 

For some tests*, no references existed and SwRI-procedures for these were 
developed to be appli cabl e to tube/fitting design /test criteria. Several 
specifications were revised during the course of this program_and where 
possible, information or data was contributed to aid in composing the 
revision. . 

Following completion of the test procedures, the test sequence was 
developed in an effort to determine a. logical combination of some test . 
specimens in order to achieve the maximum utilization of each test specimen. 
Unfortunately, any severe test on a specimen normally renders the-specimen 
unfit for other tests and therefore twelve (12) separate test sequences 
resulted from the investigation. These test_procedure S and sequences 
arc covered in subsequent sections with greater detail. 

Test equipment for each of the above listed requirements appears 
to be the. area of greatest difficulty due to the variations in interpreting the. 
test specifications .such as the ARP Series. Every test apparatus or mac-hine 
that is fabricated is subject to the designers interpretation of the -require- 
ments and specifications. In some specifications, more details are pro- 
vided than others. The^temS that are critical to the test must be-pr.e- 
sented in detail with reasons foj'.the design and/or operation.. Completion- 
of. all test equipment revealed that only one machine would accomplish two 

tests.: rotary flexure and rotary flexure fatigue. The tensile test machine 

is used for the axial pull and tube rest ra i nt tests. 


The MS fitting base] ino data fittings wo iie~te.stud follnwi ng- the check- 
out of the equipment and solving the numerous problems that always arise 
as new equipment is put tcq work, This was accomplished wh ile, the Vendors 
were fabricating and assambling the fittings with the tubing specimens. 

In this...manrier both the equipment. and procedures arc thoroughly tested . 
prior, to embarking on the 21-6-9 and 3AL-2, 5V test specimens. 



V. SURVEY OF INDUSTRY 


Tho..objective of the require men t to survey the tube fitting industry. 

was to obtain answers to the following questions: 

(a) .Will .the number and types of test specimens required be. 

available within the time constraints of. the program? 

(b) Does a specific method of attaching fittings to The. tubing 
exist for. both initial. or production installation and depot/ 
field level repairs? 

(c) Has. the equipment required for joining tube fittings, to tubing 
been de veloped — and is it .operational ? In this regard, are. 
the power requirements consistent- with the types. and quantity 
of power commonly found in aircraft maintenance facilities? 

(d) Do the tube joining procedures incur any_ condition abnoir ly 
hazardous to pers on nel ? .... 

(e) Will the contractor be -permitted to either assemble (undor. 
the vendor's direction) or to witness the assembly (at the 
vendor's plant) of the test specimens required in this program? 

(f) Will the design withstand the required temperature arid pres- 
sure limits set forth in the test program? 

(f) Is the separable design compatible with an existing boss-design 

(h) What are the prices for the -6, -10 and -16 union fittings.? 

During these contacts, „„an_exchange of information often. revealed if 
any new designs were "or ,-the -board", or if special equipment -was -required 
to assemble the fittings.. In some cages the fitting manufacturers utilise 
existing production facilities as subcontractors and utilize^avhate ver equip-. 
merit that is available on the subcontract .rket whil *• othcrsHeT~thc pur- 
chaser assemble the fitting to the tubing any way he desires. Many of the 
manufacturers produce ohly^ specialized fittings (other than aerospace) 
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such as indus.lri.al, automotive, heavy equipment, hoses, surgical c quip- 
ment, etc., because they report the aerospace fledd i s ove rejiowded and 

quite often the airframe manufacturers develop and produce their. own — 

designs, and/or fittings. Some companies .that.have predominantly pro- 
duced aerospace fittings are swinging back to the induStrial/automotivc 
market because of the lack of activity and the above noted reasons.. 

During the market survey it became evident that the fitting industry 
was not interested in the competitive test program wherein a winning design 
would be selected and a MIL Standard developed and issued for the Chosen 
design. This program required that the participating vendors submit their, 
trade secrets, patents,, designs, copyrights, etc. Only two vendors were 
interested in pursuing this program, leaving out some of the more .promis- 
ing designs. The .program objective was then changed to an all-encompassing 
industry evaluation program wherein fittings, would be purchased from the 
Selected vendors /designs for assembly with contractor-furnished test tubing. 
This approach was received with interest by industry to the extent that more 
vendors . wanted to participate than the program could economically accom- 
modate. Therefore, a selection was made based on the optimum number . 
of different designs. Basically, four advanced types (or designs) of tube/ 
fitting joints exist today: 

Brazed joint 
Welded joint 
Swaged joint 
Shrink fit joint 


In addition, there is the MS flarolOss. fitting- joint from which several 
joint designs were developed. All of tho-designs. selected, for the tost pro- 
gram ha.vc a. mctal-to^motal seal in the separable fitting joints, l he final 
selection of participants resulted in the following: 

5 separable designs 
5 permanent designs 

- 2 boss designs 

- MS flareless fitting (separable) for baseline data 
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VI. TEST PROCEDURES 

The development of procedures by which each test is to he conducted 

is considered to be one of the key tasks within the program because it is 

anticipated that hereafter, all future fittings will be qualified toihis specific 
series of detailed te sts using the exact procedure and equipment. In this 
manner, all future test-results will be correlatable, especially if identical ...... 

test e quip ment and data format is used by each vendor along with the pre- 
scribed test procedures. The .following list of test procedures for Class I 
and Class II fittings are. contained in this section; 

(1) Repeated Assembly Test (Separable Designs Only) 

(2) Proof Pressure Test 

(3) Burst Pressure Test 

(4) Combined Proof-Burst Pressure Test 

(5) Impulse Test 

(6) Assembly Torque and_Misalignment Test (Separable Fittings Only) 

(7) Axial Pull and Tube Restraint Test (Tube Restraint Test for 
Separable Designs Only) 

(8) Structural Load. Relaxation Test (Separable Designs Only) 

(9) Gaseous Leakage Test 

(10) Class "A" Eire Resistance Test 

(11) Thermal Shock 

(12) Stress Corrosion 

(13) Vibration (Separable Fittings Only) 
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(14) . .Rota ry Flexure 

(15) Fatigu.e 

Dcvclopmcnt of. each of the above listed test procedures is discussed in 
the following paragraphs. 

(1) Repeated Assembly Test . The objective of this test is to 
determine the degree of deterioration in. a separable jaunt and 
seal after, successive disassembly and reassembly operations. 
Therefore, a pressure check is performed after each of four 
successive assembly/disassembly operations using the fitting 
manufacturers recommended range of torque values. Inter- 
changing the mating_partS also offers variations that arc of _ 
concern. These operations are repeated under controlled 
laboratory conditions and will result in correctable and 
repeatable data while furnishing an indication of the fittings 
capability. This is a rather simple test...and requires a 
minimum of equipment with a close inspection /^examination for 
the deterioration. This test is applicable only to the separate 
type of fitting. _ 

(2) Proof Pressure Test. This verification te st is to be used 
"as-required" throughout the various test sequences to verify 
the integrity of the fitting /tubing /joint at any particular point, 
but more especially following a critical test. The actual test 
for proof pressure is combined with the test for burst pressure 
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as noted in Procedure No. 4. The Imrsl test equipment is 
designed for_a maximum of 30,000 psi. Adequate -protection. 
must.be provided in design, of the equipment in the event of 
a failure. The high temperature heating .system must he 
protected from oil spr ay to prevent fires. A CO 2 fire 
fighting system should be installed in the burst pressure 
chamber or insure that it is sealed tight enough so as not to 


suppo 


rt combustion. .Proof pressure is defined as two times 


the operating pressure. .Proof. pressure can be applied to arty 
fitting /tubing assembly prior to normal use without concern 
of permanent damage.. 

(3) Burst Pressure Test. Burst pressure is defined as- four 
times the designated operating pressure. However, each 
assembly must withstand four times operating pressure 
without failure but with considerable deformation. During this 
test series, the destructive burst test will be used wherein 
the assembly is pressurized to four times operating pressure 
and held for ten seconds prior to continuing the pressure 


increase 


to failure of tube or fitting.. This particular proce- 


dure is also used to study the deterioration in art assembly 
following a-SAries of other type tests. The actual burst test 
to new specimens .is .noted in the combined proof and burst 
test in Test Procedure No. 4. 
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(4) Combined Proof and Durst Tost, The actual-tests for proof 
and burst pressures were combined since they follow in .logical 
sequence,. Most all fitting assemblies will pass the proof test 
without any problems, . Therefore, the. specimen is precon- 
ditioned and then, taken to two times operating pressure and - 
held for the recommended period of time before going to thr ee 
and four times operating pressure, for a 10- second. pause. 
Finally, the specimen is pressurized until a burst failure 
occurs. These test specimens must be new specimens with- 
out any p rior tests or damage, while Test Procedures 2 and 

3 apply to verification pressures before, during or after the 
test. 

(5) Impulse Test. The impulse test was first designed around 
the requirements presented in MIL-F- 18280. However, after 
operating the test apparatus with instrumented assemblies and 
the required rate of rise, we found that the specimens were 
not receiving thfi_impulse energy supposedly imposed by the 

initial pressure with. a rise, rate of 180, 000 psi/second. .The- 

pressure spike was too sharp, thereby containing negligible 
energy. The test apparatus was modified to reduce the input 
pressure rise time to insure that the assembly_receivcd the 
maximum pressure and that the -two -Step pressure reduction 

to zero was clean and sharp. Later it was found that the Boeing 


Company... wan. ill so investigating this same (henry us pre- 
sented in SAt. Pape r 70078 ( J, Figure I presents. the pre s - 
sure/time curve required per MIL-F- 18280, _and Figure 2 _ 
presents the.SwRI recommendcd-curvc. The dotted line .re Re- 
sents the type of pres sure /time curve recommended by Boeing 
in the above noted SAIL paper. The Institute is in full agree- 
ment with the impulse pressure wave shape for .testing as 
recommended by Boeing. The impulse tests conducted by 
SwRI during this program used the pressure /time wave shape 
noted in Figure 2. 

(6) Assembly Torque and Misalignment Test (Sep arable Fittings 

Only), These two tests were combined because the test fixture 

for the misalignment test could easily be used for the assembly/ 
disassembly. torque test. The purpose of the misalignment test 
is to determine how great an angular offset could be imposed 
on the separable fittings and still effect an assembly and 
satisfactory seal. The question that requires consideration 
is the length of the half of. tube on the deflected half of the- 
union. The shorter the tubing, ±he less the bending deflection 
and therefore, the more accurate-the angle at the interface. 

These data are primarily for design data, but are also 

•■•Future Airplane Hydraulic Distribution Systems Design, Developments 
and.Testing Criteria by JR. W. Mutzke,. W. G. Nelson and. J. H_ Van 
dcr Vclden 
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THE CURVE .SHOWN ABOVE IS THE: APPROXIMATE PRES SURE- TIES CYCLE 
DETERMINED . TO BE. OF PROPER SEVERITY FOR E PULSE TESTING. C? FLARE LESS 
FITTINGS. WHILE. IT IS.. MANDATORY ONLY THAT PRESSURE PEAK "RISES' TO 
143 TO 157 PERCENT OF THS'LCEKING PRESSURE AT SOPS POINT: PRIOR. TO 
LEVELING OFF AT RATED PRESSURE, IT IS. CONSIDERED HIGHLY DESIRABLE THAI 
THE ’PRESSURE- TIME CURVE 3E CONFINT-D TO THE SHADED AREA INDICATED. . 

ONE. VERY" DESIRABLE BENEFIT TO BE GAINED' IN THIS MANNER IS TiLAT" RESULTS 
OF TESTS. PERFORMED. ON DIFFERENT -TEST. MACHINES WILL BE MORE NEARLY 
COMPARABLE. 


FIGURE 1 DYNAMIC-PRESSURE IMPULSES RECOMMENDED 

IN MIL-F- ] S280C 
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Re-commended maximum energy-pulse shape 
Pulse shape used. by SwRI 

Cyclic Rate: (?Q cycles per minute 

Pressurization Rate: 192, 000 psi p er minute 


FIGURE 2 PRESSURE VS TIME CURVE IMPULSE TEST 
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useful to the mechanic: assembling the fitting. The assembly 
torque measurement is to determine how much torque (tightening 
and loosening) is. imposed on the tubing by the contact Surface 
of the mating surfaces during the assembly and disassembly 
of the separable fitting,. 

(7) Axial Pull and Tube Restraint Tests (Tube Restraint Test 
for Separable Fittings Only). The purpose of the axial pull 
test is to determine the tensile load required to fail the tube, 
fitting or interface to the point that a leak occurs in both per- 
manent arid separable fittings. The purpose of -the tube 
restraint test is to determine the ability of the separable fitting 
to effect a seal with a gap existing between the two fitting- 
halves. The gap is increased from ze.ro to the point that~a seal 
cannot be effected. This data will be useful-to. the aerospace 
designer, the manufacturer and the mechanic installing and 
assembling the_acparable fittings. 

(8) . Structural Load Relaxation Test (Separable Fittings Only). 

The-purpose of this test is to-measure the creep or structural . 
load relaxation in a separable fitting after the proper assembl y 
torque has-been applied. The test is to be performed with a 
tensile preload at. elevated temperature and internal proof 
pressure for 100 hours. The creep is to be measured in 
terms of stress reduction attributed to temperature and time,. 


’9) Gaseous Leakage Tost, The purpose of the* gaseous leakage 
It* St is™to-utili/,o. a suitable , gas o-f fine molecular structure 
that, will penetrate openings easier than a v-iscous oil ami 

measure the degree of leakage. This is. a controve rsial -tosi 

since the recent proposed revision to AJiP 899 proposed 
elimination of the gaseous leakage test utilizing a mass 
Spectrometer and simply accomplish a bubble check by water 
immersion. The Institute does not agree with the_i>uhble check 
method because there is no method of calibration or varying 
degree of leakage detection. The gaseous leakage test is to 
be divided into two types of test: one to test' a new fitting 

assembly for gaseous leakage; the second to verify the 
integrity of the fitting before and after a test in a manner 
similar to the proof pressure test. 

(10) Class n A n Fire Resistance Test. The purpose of this test is 

to measure the resistance of the fitting assembly to a 2 J lQi li LEL . 

flame for five minutes with a measured flow of oil, flowing 

through the test specimen at operating pressure-while the speci 
men is vibrated at 2,000 cpm utilising a 1 / lb- amplitude. This 
is a rather severe test but parallels the conditions found in an 
engine fire z-one in the event of a fire. ARP 1055 is a state nf 
revision since much of the original daia-uantained therein is 
obsolete when applied to aerospace designs of today. 1 he 



r<' e out mended changes arc included in the lest procedure and 
equipment setup. 

] ]) Thermal Shock Test. The purpose of this test is to deter- 
mine the reaction -of the fitting assembly to severe tempera- 
ture change s , , both internally and externally with liquid and 
air mediums. Test specimen assemblies are fir st. subjected 
to the air shock from cold to hot chambers in a minimum, of 
time using the.terriperature .extremes. The second part of the 
test also uses the temperature extremes with a liquid medium 
injected into the specimens. A proof pressure or gaseous 
leakage test will be used to verify the integrity of the~£itting 
following the thermal shock tevsts^ 

(12) Stress Corrosion Test. The purpose of this test is to deter- 
mine the resistance of the-tubing, fitting and various interfaces 
to a corrosive environment. This tost, will utilize the cyclic 
salt water dm mens ion test with drying periods between each 
immersion. Inspection of the assemblies may require^com- 
plete disassembly and possibly a cut-away to determine the 
degree of penetration of the corrosion into some of the mating- 
surfaces. 

(13) Vibration Test (Separable -Fittings Only). The purpose of this 
test is to determine the susceptibility of the separable fittings 
to possible loos ening.ar damage due to the vibration test. The 



1 1 • .s l is tu — Uu conducted in acrord.i tire with MI I i-ST i )- H I 0 B . 
However, the NASA recommended Criteria for Vibration Testing. 
(Brief 71- 10266) may offer a future changeJLn this area of testing. 
Detailed inspection of the fitting joints and interfaces will reveal 
anv carnage following the vibration testing. 

(14) Rotary Flexure Test. The rotary beam method of testing 
will he used throughout this program for the rotary flexure 
test and the fatigue test. Basically, the te st procedure and 
equipment will follow the recommendations set forth in ARP 
1185 (proposed.). One of the more critical problems is that of 
poorly_aligned.~tc.st specimens wherein the tube axis for both 
halves of the. assembly is not colinear. When such a^spe cimen 
is installed in the rotary flexure fixture that has a perfectly 
true axis,, it is impossible to establish a zero once the rigid 
tail- stock is clamped on the tube. This alignment problem 
could be solved by loosening the orbital base-on the tail 
stock; but, the eccentricity would vary by the degree-of mis- 
alignment. More caution should be exercised by the vendors 
in preparing specimens for the rotary flexure tests (and all 
other tests)~to insure more uniform results,. The eccentric 
stress problem has been solved by "averaging-” the maximum 


deviation. Two strain gages located 90 J .apart were used on 


the initial lest specimen with aeeurato men suromonl s taken of 
the displacement because the strain gage did not last loo long 
oncu-the ’,200 rpm cyclic load was imposed.. For the 
elevated temperature -tests, high te mpe rature _st rain gages 
Were required to set the initial strain. The rotary flexure 
data can be used as The endurance limit data for the S-N 
fatigue curve thereby obtaining; more points to establish the 
curve. 

(15) Fatigue Test (See Rotary Flexure for General Information). 

Following the, rotary flexure tests., that normally will, establish 
the endurance limit oLthe S-N curve, additional specimens 
were tested at the higher stress levels in order to establish 
other points .on the curve. 

A copy of the laboratory test procedure for each of the fifteen tests 
noted above is included in the following pages. A diagram of t. e test apparatus 
and/or equipment list is. included with each test procedure.. 
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TEST PROCEDURES AND EQUIPMENT 

INTRODUCTION 

The development of procedures used to conduct each test is Consid- 
ered to be one of the key tasks, within, the overall test program. Although 
efforts centered. primarily on developing this particular series of tests, 
considerable time and. research was expended to prepare a set of procedures 
and assemble associated test equipment that could be standardized to pro- 
vide for correlative data and test results from future qualification tests on 
newly developed. fittings. 

One of the greatest problems voiced by Industry was the variance 
in general requirements of the many documents currently in use for testing 
of. tube /fitting assemblies. Each manufacturer could choose the test para- 
meters and procedures that were best suited for their product or would 
test it to the best advantage. Consequently, test data available on fittings 
today are virtually noncorrelative. 

During the review of many reference documents listed for use with 
a particular test, it was noted that the specifications and equipment currently 
used were obsolete and in some cases inadequate because of the higher, pres- 
sure and temperature requirements on tube fittings needed to meet the 
stringent environmental conditions of modern aircraft. Only ARP 1185 
(proposed) and ARP 1055 (being revised) are considered the most direct 
and detailed tube testing specifications; but, these two must also be updated 
to meet current industry requirements. Therefore throughout this program, 
the documents noted in the RFQ were "used as a guide for reference only," 
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And the SwRI.Test Procedures arid Test Equipment were developed to pra- 


ducc-the optimum test results, .with. Simple yet technically sound meihods 

and economically constructed -or readily available test apparatus. 

The equipment used for each test was developed in close coordina- 
tion with the design of the Test Specimens,, and development of the Test 
Procedures and Test-Sequences, because each is interdependent on the 
other. Industry was also canvassed to ascertain types of current equip- 
ment used, and their applicability to the new 4, 000 psi/450°F fitting 
re quirements. 

The following list of Test Procedures (also referred to as Per- 
formance Evaluation Tests) for Class I and Class II fittings are contained 
in this section: 

(1) . Repeated Assembly Test (separable design only) 

(2) Proof Pressure Test 

(3) Burst Pressure Test 

(4) Combined Proof-Burst Pressure Test 

(5) Impulse Test 

(6) Assembly Torque and Misalignment Test (separable, fittings only) 

(7) AxialJPull and Tube Restraint Test (tube restraint test for 
separable designs only). 

(8) Structural Load Relaxation Test (separable designs only) 

(9) Gaseous Leakage Test 

(10) Class "A" Fire Resistance Test 

(11) Thermal Shock. Test 

(12) . Stress Corrosion Test 

(13) Vibration. Test 

(14) Rotary Flexure Test with S/N Data Development ( fie xuils. fatigue) 

They, are presented in a format which, will provide A brief resume of 

test objectives and equipment requirements; the test proc edure itself;, 
descriptive layouts of the test assembly where necessary; and the form used 


to record the test data. 
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REPEATED ASSEMBLY TEST 


The objective, of this test is. -to.dete rmine thedegree of deterioration. 
^ ** separable joint and. seal (Or sealing surfaces) after successive dis*». 
assembly_and reassembly operations, during which the relative positions 
of the mating parts are changed. 

A helium leak test is conducted before the initial disassembly of the 
test fitting_and after each group-of four successive assembly/disassembly 
operations. -The manufacturer's recommended range of torque values are 
used during the tests. Care must be exercised to insure that no lubrica- 
tion exists on the threads or mating surfaces except that which is.aii 
inherent part of the fitting assembly such as. a dry film lubricant. 

The specimen holding fixture and test chamber illustrated in Figure 1 
are similar to those used in the proof/burst and impulse test facilities. 

The leakage test is conducted in the manner outlined in the Helium Leak 
Test Procedure presented later in this report*. 


Performance Evaluation Test No. 1 


REPEATED ASSEMBLY 
(Separable Designs Only) 
(Reference: MIL-F- 18280G), 


TEST PARAMETERS 

1. Test Temperature: RTA (room temperature ambient) 

2. Assembly torque loads 

2. 1 Vendor recommended minimum. 

2. 2 Vendor recommended, maximum 

y Relative rotational position of mating parts (i. e. , fitting compo- 
nents and tubing).. 

4. Relative left/right position of mating parts 

5. Leakage of helium gas at. 4, Q0_Q_psi 

6. Eight assembly/disassembly operations 


TEST APPARATUS 

1. Specimen mounting fixture (same as used for prool pressure and 
burst pressure tests) 

2. Torque wrench (0-500 in. lb) 

3. Torque wrench calibration equipment 

4. Gaseous leakage test apparatus and calibration equipment 
TEST PROCEDURES 


1. Install.and. tightly secure assembled test specimen in specimen 
mounting fixture. Mark relative rotational and left /right positions 
of fitting components and tubing. Visually, mspect fittings for any 
imperfections and note these ort form. 

2. Check vendors original assembly, of .complete fitting using vendor'^ 
recommended procedure and minimum torque value. Match mark- 
relative position oLtubing and fitting components in assembled 
configuration. 


R1CPKAT 101) ASSEMBLY (Cobt'd) 


Install specimen mounting fixture on test-chamber manifold and - 
conduct .gaseous (helium) leak test at room .temperature as out- 
lined -in Procedure 9. 

Remove mounting. fixture -from test chamber and secure to work 
bench or other immovable base. 

Disassemble fitting and completely separate- appropriate removable 
parts. Conduct a visual inspection of all contact- surfaces, primarily 
the seal area and threaded portions of the fittings, and record any 
evidence of possible damage. 

Assemble complete fitting using the manufacturer's recommended 
procedure and minimum torque value. 

Repeat Steps J5 and 6 _ three more, times, each time retaining the 
relative left /right positions as established in Step 1, but changing 
the rotational position of the assembled mating parts. This 
completes four assembly/disassembly operations. 

Install specimen mounting fixture on test chamber manifold and 
conduct gaseous (helium) leak test at room temperature as out- 
lined in Procedure 9^ 

The above constitutes one cycle (four as sembly /disassembly 
and a leak check) at minimum torque. . Repeat Steps 4 through 8 
for the se.cond cycle using the manufacturer's maximum recom- 
mended torque values in Step 6_. 


Record all pertinent data or remarks on Repeated Assembly Test 
Data Sheet. 



REPEATED ASSEMBLY TEST FACILITY 











SOUTHWEST RESEARCH INSTITUTE 
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SHEET NO OF SHEETS 

PROJECT. 

DATE 

BY * 


SPECIMEN COl)E~N0_t 

TEST TEM1.\.. (El):. 

OPERATING PRESS. (Psi): 


MIN. TORQUE:.. 
MAX. TORQUE: 


GAS LEAKAGE TEST DATA : 

Pressure: . : 

Temperature:, , 

Before First Assembly Series: 

After ..First .Assembly Series 
After Second Assembly Series: 


Leak Rate Calculation Base: 
(2 miriutetime interval) 


Scale Re ad inf: 


Calculated Leal; Rate 


AS5EMB L Y /DISASSEMBLY SERIES 


DISASSEMBLY TORQUE (ib/in or ib/ft) 


Inspection Results 


SECOND SERIES 


Inspection Results: 


PR OOP PRESSURE TEST RESULTS: 


BURST PRESSURE TEST RESULTS: 
Type of Failure: 
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REPEATED ASSEMBLY TEST 
for 

BOSS. TY PE SEPARABLE FJ.TTJNfJ A SSL MB LI ES 
(Refc r<*n< <*: TVs! Procedure for tJniomi) 


TEST PARA METIERS ^ 

Same 

TEST APPARA TUS 

Add. Items 5 and. 6 as follows: 

5. Adapter*. Vendors boss recess to 3/d" pipe (sec !■ ig. la). 

6. Extension adapter for manifold to place boss in controlled environ- 
ment of chamber (see Fig. la). 

TEST PROCEDURES 

The assembly/disassembly procedure is the same except it must 
be noted in Item 5 that the assembly /disassembly joint is between the 
tube/nut and-the boss,, because once a Loss is installed, there is usually 
nc reason to remove it unless the component is bad and will be discarded 



FIGURE la 


ASSEMBLY AND INSTALLATION OF BOSS 
TEST SPECIMEN 
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P II O O F PRESSURE TEST 


This verification test is to be used "as required" throughout the various 
test sequence to verify the integrity of the fitting, as sernbly at any particular 
point, but more especially following a critical test. _Proof pressure is defined 
two times. the operating pressure, and can be applied to any fitting /tubing 


as 


assembly prior to normal use without concern of permanent damage. 

The test can be conducted wher ever the fitting can be pressurized to 
the required amount, and subjected to the highest operating temperature 
rating. Being closely related to the Burst Test Procedure 3, the tests . are 


usually conducted in that test facility. 
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performance Evaluation Test No. 2 

PROOF PRESSURE - 
(Reference: ARP 899) 


TEST PARAMETERS' 

1. Test Pressures 

1. 1 Clas-s I assemblies: Between 8, 000 and 8, 0-50 psig. 

1. 2 . Class II assemblies: Between 6, 000 and 6, 050 psig 

2. Test Temperatures 

2.1. Class I assemblies: 450°F il.0 o F " 

2.2 . Class II assemblies: 275°F tlQflE 

3. Pressurization Rate: 20,000 ^5, 000 psig/min 

4. Pressure Hold Time: Minimum of 5 minutes 

5. Test Medium: Mobil Jet Oil II or equivalent 

TEST APPARAT US 

1. Proof-pressure/burst chamber 

2. Proof-pressure specimen mounting fixture 

3. Hydraulic pressure pump (0-10, 000. psigj_ 5 gpm) 

4. . BOurdon-type pressure gage (0-10,000 psig) 

5. Manifold. pressure control-system 

6. Chamber temperature control system (automatic) — 

7. Manifold. pres sux£_an.d chamber temperature, .strip chart recorder, system 

8. Calibration equipment (as required for pressure and temperature 
instrumentation) 

TEST PROCEDURES 


U Install tube fitting specimens in specimen mounting fixture 


PROOF PRESSURE (Cont'fl) 


2, In sin 11 specimen mounlirtu -fixture in tost .chamber. 

3. Isolate each- specimen prioi* to- pi‘e s su r is&alion by installing iso- 
lation shields that are part of the chamber. 

A. Fill specimens, pump reservoir and all interconnecting fluid 
lines. with the specified pressurizing fluid (Item A. 5). 

5. Bleed air from entire pressurized assembly by venting the high- 
est point of the system to atmosphere. 

6. Start temperature recording equipment. 

7. Condition specimens for a minimum of one-hour .at the elevated 
temperature for the Class of fitting undergoing test. 

8. Start pressure recording equipment. 

9. Pressurize, specimens to twice -the operating pressure (for the 
Class of fitting undergoing test) using pressurization rate of 
20,000 ±5, 000- psig/.min. Adjust manifold pressure and/or 
chamber temperature to within specified tolerances. 

10... Hold pressure for five minutes. Monitor pressure gage and 

visually observe -specimens during this pressure hold to detect 
any fitting failures. If a fitting begins to leak, immediately - 
close the manifold valve to the defective fitting and record per- 
tinent data in test log. 

11. Upon completion of the five minute hold, reduce manifold pres- 
sure to zero and chamber temperature to room temperature. 

12. Remove specimens from chamber and conduct visual inspection 
of fittings. For separable fittings, include a visual examination 
of the seals and sealing surfaces. 


TEST RECORDS: Record all pertinent results on the Proof-Burst Test 


Data Sheet. 




PROOF PRESSURE TEST 
fox* • 

13 OSS I'Y PIC SEPARABLE JUTTING ASSEMBLIES 
(Reference: Test Procedure for. Unions) 


TEST PAR AMP TER S 


Same 

TEST A PP A RATO S 

Add Items 9 and 10 as follows: 

9. Adapter: Vendox*s_boLS.s recess to 3/4" pipe (see Fig. In). 

10. Extension adapter for manifold to place the boss and boss adapter 

in the controlled environmental chamber (s.e g-F.1 .haE 

TEST PROCEDURE 


Add Item la to read as follows: 
la. For boss assemblies, install as follows: 

- Install extension adapter in manifold. 

- Install vendors boss adapter in end of extension. 

- Install boss in recess (provided in the adapter) in acc ordance 
with vendors instructions and tools. 

- Connect the separable fitting /tubing to the bo ss. 

TEST RECORDS 


3. 


BURST PRESSURE TEST 


Burst pressure is defined as four tiines the designated operating 
pressure. However, each fitting, as sc mbly must -withstand this pressure 
without failure, alt hou gh considerable deformation may occur. During this _ 
test scries, the destructive burst test will be used .wherein the assembly is 
pressurized to four times operating pressure and held for ten seconds prior 
to continuing the pressure increase to failure of tube or fitting. The test 
is used both aS a specific' test on a new fitting (combined Proof and Burst . 
Pressure Test Procedure 4) and as a verification check following a designated 
test to determine if any deterioration resulted from the test. 

Since the burst test is a destructive test, the equipment is designed 

for a maximum of 30, Q.00 psi pressure capability. Adequate protection is 
provided to prevent technician exposure to hot oil spray at high pressures 
when the specimen fails, and also to contain a possible fire. The burst 
test facility is illustrated in a descriptive diagram, Figure 2. 


Performance Evaluation Test No. 3 


BURST PRESSURE 
(Reference: ARP 899) 


TEST PARAMETERS 

1. Test Pressure 

1.1 -Class I assemblies: Between 16,000 and 16,060 psig 

1. 2 Class II assemblies: Between 12, 000 and 12, 050 psig 

2. Test Temperature 

2. 1 Class I assemblies: 450°F ±10°F 

2.2 Class II assemblies: 275 C F ±10 e F 

3. Pressurization Rate: 20, 000 ±5, 000 psig/min 

4. Pressure Hold Time: 10 seconds 

5. Test Medium: Mobile Jet Oil II or equivalent 

TEST APPARATUS 

1. Burst-pressure chamber — 

2. Burst-pressure specimen mounting fixture 

3. Hydraulic pressure pump (0-30, 000 psig; 5 gpm) _ 

4. Bourdon-type pressure gage (0-30,000 psig) 

5. Manifold pressure control system 

6. Charnber_temperature control system (automatic) 

7. Manifold pressure and chamber temperature, strip chart recorder 
system 

8. Calibration equipment (as required for pressure, and temperjiture 
instrumentation) 

TEST PROCE DU RES 

1, Install specimens in the Specimen mounting fixture 


BURST PRESSURE (Cont'd) 


2. Install the specimen mounting fixture On the man ifold of the test 
Chamber. 

3. Isolate each specimen prior lu pressurization by installing -isola- - 
tiOn shields that are part of the chamber. 

4. Fill specimens, pump reservoir and all interconnecting fluid lines 

with the Specified pressurizing. fluid (Item A. 5). 

5. Bleed air from entire pressurized assembly by venting the highest 
point of the system to atmosphere. 

6. Start temperature recording equipment. 

7. Condition specimens for a minimum of ten (10) hours at the elevated 
temperature for the Class of fitting undergoing test. 

8. Start pressure recording equipment and isolate specimen to be tested. 
(Burst pres sure specimens to be burst one at a time.) 

9. Pressurize specimen using pressurization rate, of 20,000 ±5,000 nsig 
miii. Hold for ten (10) seconds at two times Operating pressure, then 
continue -to three (3) times operating pressure and hold for ten (10) 
Seconds. 

10. Continue to pressurize specimen to four (4) times the operating pres- 
sure (for the Class of fitting undergoing test) using pressurization 
rate of 20, 000 ±5, 000 psig/min. Adjust manifold pressure and/ or 
chamber temperature to within specified tolerances. 

11. Hold four times operating pressure for ten seconds. Monitor pres- 
sure gage and visually observe specimens during this pressure hold 
to detect any fitting failures. If a fitting begins to leak, immediately 
close the manifold valve to the defective fitting,., and rji£ord_pertir*ent 
data in test log- 

12. Upon completion of the ten Second hold, continue pressure rise at 

the-same. rate Until burst occurs.. Record burst pressure. Repeat 
Steps 8, 9 and 10 on remaining specimens. - - 

13. Remove specimens from chamber and conduct visual inspection of- 
fittings. For separable fittings, include a visual examination of 
the seals and sealing. surfaces. 


TEST RECORDS; Record all pertinent results on the Proof-Burst Test 


Data Sheet. 









for 

EOS S TYPE SKPAKAJVUt: FITTING. ASSEMBLIES 
(RoiYriMice: Tost: Procedure for Unions) 


A . . TEST PA RAM Is TIG V S . 

Same 

B • TEST APPA RATUS 

Same,, but add Items 9 and 10 as follows: 

9. Adapter: Vendors boss recess to 3/.4.V pipe (see Fig. la). 

10. Extension Adapter .for manifold to place the boss and boss adapter 

in the controlled environmental chamber (see Fig. la). 

C. TEST PROCEDUR E 

Add Item la lo....read as follows: 
la. For boss assemblies, install as follows: 

- Install extension adapter in manifold. 

— Install vendors boss adapter in end of extension. 

- Install boss in. recess (provided in theadapter) in accordance 
with vendors instructions and tools. 

- Connect the separable fitting/tubing to the boss. 

D. TEST RECORDS 


Same 


A. COMIUNisl ) .PKO OF AN D l UIUST TE b'F . 

Thc-a.fctual leasts for proof and hurst pressures wo re* ( ombined since 

they follow i n log ical sequence. Most all fitting as semblies will pass the 

proof test without any problems... Therefore, the specimen is preconditioned 
and then pressurized to two times operating pressure and. held for the reconi 
mended period of time before going to three and four times operating pres- 
sure for a 10 second pause. Finally the specimen is pressurized until a ... 
burst failure occurs. These test specimens must be new specimens without 


any prior tests or damage. 
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Performxinc c IOvaJ.uxU.ion Te+d No. -1 


COMBINED PROOF-BURST DR KSSURK 
(Reference: ARD 899) 


A. TEST PARAMETERS 


1. Test Pressure 


1. 1 Class I assemblies: From 8,050 lo 10,050 psig 
1. 2 Class II assemblies; From 6, 050 to 12, 050 psig 


Test Temperature 


2.1 Class I assemblies; 450°F tl0°F 

2.2 Class TI assemblies: 275°F -10°F 


Pressurization Rate: 20, 000 +5, 000 psig/min 


Pressure Hold Time: 5 minute: 


5. Test Medium: Mobile Jet Oil II or equivalent 


B. TEST APPARATUS 


1. Burst-pressure chamber 


Burst -pres sure specimen holding fixture 


Hydraulic pressure pump (0 - 30, 000 psig) 


4. ...Bourdon -type pressure gage (0-50, 000 psig) 


5. Manifold pressure control system 


6. Chamber temperature control system (automatic) 


7.. Manifold pressure and chamber temperature, strip chart recorder 
system 


8* Calibration equipment (as required for pressure and temperature 
instrumentation) 


TEST PROCEDURES 


1. Install specimens in burst 


spec imen mounting fixture 


J 


COM 1 ’INI'.D PROOF •‘HUH ST PRFSSIJ U 10 ( C ant 1 d) 


Install specimen mounl ing. fixture on manifold in hurst pro 
chamber. 


Ml IT- 


Isolate each specimen prior to pressurization by installing the iso- 
lation shields that are part o£ the chamber. 

Fill Specimens, pump reservoir and air interconnecting fluid lines 
with the specified pressurizing fluid (Item A_. 5). 

Bleed air from entire pressurized assembly by venting the highest 
point of the system to atmosphere. 

Start temperature recording equipment. 

Condition specimens for one hour at the elevated temperature for 
the Class of fitting undergoing test. 


Start pressure recording equipment. 

Pressurize specimens to twice the operating pressure (for the Class 
of fitting undergoing test) using pressurization rate of 20,000 15, 000 
psig/min. Adjust manifold pressure and/or chamber temperature to 
within specilied tolerances. 

Hold pressure for five minutes. Monitor pressure gage and visually 
observe specimens during this pressure hold to detect any fitting 
failures. If a fitting begins to Leak, immediately close the maniiola 
valve to the defective fitting, and record pertinent data in test leu.. 


Upon completion of the five minute hold, reduce manifold pressure 
to zero, and .condition specimens at 4 50 'F for a minimum ol ? .hours. 
Pressure recording equipment will be turned off during this condi- 
tioning period. For Class It specimens, Condition at *.75 F. 

Reactivate -pressure ..recording equipment, isolate specimen to be 
tested using valves and pressurize specimen to two times the oper- 
ating pressure (lor .the class of. fitting undergoing tesb) using pres- 
surization rate of 20,000 2:5 L Q00 psig/min and hold tor ten minutes. 


Continue pressurizing specimen using pre 
±5, 000 psig/min. Pressurize to three (3) 
and-hold for . ten seconds. Continue to pre 
(A) times operating pressure and hold lor 


ssurization rate of 20, 000 
times operating pressure 
ssurize specimen to four 
leu <<•<- ond >;. 


COMBI N ED PROOF- BURST PRIiS.SU RE (CoiU'd ) 


IJohl at four (4) linn s operation pressure far ton seeorn! s am) at. in. 
failure occurs, continue pressurization. at rale specified in (>-) 
until buVst occurs* 

Isolate failed specimen using valves and perform lest on x ' cu ^^ 
specimens one at a time. Inspect specimens., m-place after tempei- 
a lure has been reduced to ambient. 

Remove specimens -from chamber. .and conduct, visual inspection and 
failure analysis of fittings. For separable fillings, incluue a visual 
examination of the seals and scaling surfaces. 


TEST -RECORD S: Record all pertinent results on the Proof-Burst Test 

Data Sheet. 




SUPPLEMENT NO. 1 


to 


COMBINED PROOF AND BURST TEST PROCEDURE 

for the 

TESTING OF BOSS TYPE SEPARABLE 

FITTING ASSEMBLIES 
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COMBINED PROOF AND BURST TEST 
for 

BOSS TYPE. SEPARABLE FITTING ASSEMBLIES 
(Reference: Test Procedure for Unions) 


A • .TEST PARAMETERS 
Same 

B. TEST-APPARATU S 

Add Items 9 and 10 as follows: 

9. Adaptor: Vendors boss recess to 3/4" pipe (see Fig. la). 

10. Extension adapter for manifold to place the boss and boss adapter 

ill the controlled environmental chamber (see Fig. la). 

C. TEST PROCEDURE 

Same 

Add Items la to read as follows: 
la For boss assemblies, .install as follows: 

- Install extension adapter in manifold. 

- Install vendors boss adapter in end of extension. 

- Install boss in recess (provided in the adapter) in accordance 
with vendors instructions and tools. 

- Connect the separable fitting/tubing to the boss. 

D. TEST RECORDS 


Same 
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5, IMPULSE TEST 

Initially the-impulse test .was. designed around the; requirement a 
presented in Mil-F- 18280C. However, following preliminary test work and 
analyzing the results, it was decided that some improvement was-needod in 
the test requirements to provide a more severe test to the fittings. This 
change from the suggested test. methods outlined in the work statement wAs 
justified by the common desire to conduct a test program which would "weed 
out" the poor designs. 

The pressure /time curveas recommended b’ ; Mil-F- 18280C, Figure 3, 
with an impulse pressure surge created by the rise rate of 175,000- psi/ 
second, subjected the test specimen to an initial peak impulse containing 
negligible energy. It was felt that because ot this rapid pressure-rise rate 
and also the fast cyclic rate, the_.s.pecimen hardly sensed the peak pressure 
impulse at all. Therefore the test equipment was adjusted to reduce the 
pressure rise time and provide a somewhat slower (6 0 cyele per minute) 
cyclic rate to produce a pre ssure /time curve as shown in Figure 4 . It is 
obvious that the test specimen will be exercised more strenuously with this 
pressuie impulse pattern since the pressure rise race has been reduced from 
175, 000 psi/sec to approximately- 30, 000 pSi/sec. This theory was later 

found to coincide w . 1 that presented in the SAE Paper 700789^ and 

investigated by the Hoeing Co. 


(l)"Futuro Airplane Hydraulic Distribution Systems Design, Developments and 
Testing Criteria", by. R. W, Mutske, W. G< Nelson and J. fl. Van der Volden 



PERCENTAGE OF RATED WORKING PRESS!! 


2 /a TO 157 . PERCENT PEAK 


THE SLOPE OK THULCURVE CORRESPONDS TO 
THE-HATE OK PKESSUHli RISK SPECIFIED IN J**9*l#l 

~5 PERCENT OK CYC IE 


.-7-7-7-, 


WORKING PRESSURE 


75 PST MAX 

/ PACK PRESSURE 


SffiHSC 




* 15 PERCENT ok cycle 

1 MINUTE - 1 CYC IE 

_ 65 1 

THE CURVE SHOWN ABOVE. IS TIE APPROXIMATE PRESSURE- TE2 CYCLE 
DETERMINED TO BE OF PROPER SEVERITY FOR IMPULSE TESTING OF FLARELESS 
FITTINGS. 'WHILE IT IS MANTA TORY ONLY THAT PRESSURE PEAK RISES TO 
145 TO 157 PERCENT CP THE WORKING PRESSURE AT SOME POINT PRIOR TO 
LEVELING^ OFF AT RATED PRESSURE, IT IS CONSIDERED HIGHLY TESIRAHLE THAT 
THE . PRES SURE- TIKE CURVE BE CONFINED TO THE SHADED AREA INDIC« .iD. 

ONE VERY DESIRABLE BENEFIT TO BE GAINED IN THIS MANNER IS THAT -RESULTS 
OF TESTS PERFORMED ON DIFFERENT TEST MACHINES WILL BE MORE. NEARLY 
COMPARABLE. 


FIGURE 3 DYNAMIC PRESSURE IMPULSES RECOMMENDED 

IN MIL-F* 1H2SOC. 


I 









For a possible measurcme.nt_af_lhe degree of deterioration in the 
impul se tested specimen,...it_wds decided that a Osseous Tcakage Test 
(Procedure 9) before and after the impulse cycling would be a more 
sensitive method than the Proof Pressure Tests called for in Mil->18280C. 
This test with helium is easily pc-rformcd in the test facility without having 
to remove the specimen from their mounting fixture. 

The test facility as schematically described in Figure 5 consisted 
of a compact arrangement of a high volume (10,000 psi rated) pressure 
pump, accumulators, hydraulic to hydraulic intensifies directional control... 
valve, cyclic timer, pressure switch, and associated piping. The pressure 
pulse was initially adjusted and thereafter periodically checked during the 
test by monitoring the photographic trace of an oscilloscope which inter- 
preted the signals of the pressure transducer positioned in the test manifold. 


Performance Evaluat ion Test No. 5 


I Ml- U LSI v 

(Reference: MI1.-F- 1 8280C) 


TEST PARAMETERS 

1. Pressure: Nominal operating proSsuru-of. the Class of assemblies 

undergoing test with periodic pressure impulses to between 1.41 
and 1. 57 times nominal operation pressure. 

2. Temperature 

2, 1 Class I .assemblies: From -6 5 6 F _f 10“F to +4 50 C F 2 5 '" i. 
For 75% of the total test time-, chamber environment to be 
higher temperature, 450°P'. 

2. 2 Class. II assemblies: From -65°F 10°F to t275°F j_ 25°F. 

For 75% of the total test time, chamber environment to be 
at higher temperature, 275 °F. 

3. Number of Impulse Cycles: 250, 000 

4. Impulse Cyclic Rate: 65 _t5 cpm 

5.. Test Medium: Mobile Jet Oil II or equivalent 

TEST APPARATUS 

1. Impulse chamber 

2. Specimen mounting fixture 

3. Hydraulic pressure system (Input: 2,000 psig; 11 gpm, 

Output: 6, 000 psig minimum) 

4. Bourdon-type pressure gage (0- 1 0, 000 psig) 

5. Manifold pressure control system 

6. Oscilloscope 

7. Chamber temperature control system 


IMPUI-SK (Cont'd) 


Vo 


«... 


Pressure .and . U>mpe nature st rip chart recorder 


9. 


Calibration equipment (as 
ture instrumentation) 


required for pressure and tompora- 


TEST PROCEDURES 

1. Install specimen in. impulse. mounting fixture 

2. Install specimen mounting fixture in chamber 

3. Purge- specimens and applicable portions of manifold and 
pressure system with nitrogen if necessary 

4. Attach helium source to the inlet fitting of specimen to be 
tested, Do not pressurize 

5 . ..Condition specimens for a minimum of one-hour at the 
elevated temperature for the class of fitting undergoing tost 

6. Install isolation tubes around each specimen 

7 Insert leak dele-tor sniffer probe through isolation tube near 
' the fitting set. Record zero leak detector reading at zero- 

8. Pressurize each Specimen in turn with helium to 3, 000 or 4, 000 

‘ psig depending on class of fitting and hold for two minutes. 

Record leak detector reading. 

9. Reduce -helium pressure to zero; remove isolation tubes and 
fill specimens, pump reservoir and all interconnecting fluid 
lines with the specified pressurizing fluid (Item A, 5) 

10. Bleed gas from entire pressurized -assembly by venting the 
highest point of the system to atmosphere 

11. Start temperature recording equipment-and test chamber 
heating system 

12. Condition specimens for a minimum of one-hour at the 
elevated temperature for the. class of fitting undergoing test 





IMPin.SK (Coni ' H). 


Begin impulse-cycling system with pulse rale of 60 cycles/ 
minute. Monitor pressure Cycles on thft-.oscillos-cope initially, 
and at. regular, intervals (after -9, , 000, 99, 000, 160, Q00 and 
240,000 cycles), thereafter to insure for.proper high and low 
pressure parameters 

Initiate program of temperature cycles in accordance with _ 
the following schedule: 


Temperature Elevation* 
High 

Cycle (high to low t o high) 
High 

Cycle, (high to low to high) 
High 

Cycle (high to low to high) 
High 

Cycle (high to low to high) 
High 

Cycle (high low to high) 
High 


Accumulated 

Time 


A pp r o xi m a t e 
Total Number 


(hours) 

Cycles 

0 - 1 

3, 600 

1 - 4 

14, 400. 

4 - 15 

5-4, 000 

15 - 18 

64, 300 

18 - 29 

10.4, 400 

29 - 32 

115,200 

32 - 43 

154, 800 

43. - 46 

165, 600 

46 - 57 

205,. 200 

57 - 60 

216, 000 

60 - 69. 44 

250, 0P0 


#High temperature is cither 4 50 6 F or 27.5°F depending on the Class 
of assembly under test; low temperature is -65°F I10°F for cither 
Class. 

15. Loss of pressure in any. one specimen will automatically stop 
tdie impulse-machine. . When this occuis, record tne number 
of cycles completed, total accumulated lime under test and 
apparent reason for. failure. Isolate tne failed specimen and 
reactivate machine.. (Note: Temperature cycles must be 
adjusted to maintain a 3;1 ratio of time at high:low temperature) 

16. Upoft -completion of 250,000 impulse cycles, shut off the impulse 
machine and reduce temperature 

17. Drain all oil from, tested specimens by opening appropriate 
valve on manifold, and blowing, nitrogen through top end of 
each s p e c i m c n-fxoui-v. diich-eiuL c a p s were removed. 






SOUTHWEST RESEARCH INSTITUTE 
DATA SI \ZET. ~ 

SUBJECT. T):st sequence no. vj 

impulse test. 

TEST GROUP: 

'J • KST T.K M PER ATI ! R K (° J ) : 


GAS LEAKAGE RATE 
CALCULATION. BASE: 
(2 minute time interval) 


scc/si-c 

scale 


SHltliT NO 
PROJECT 

DATE 

QY. 

PEAK IM PUL SE I'RESSUR L (p.-.i,' 

OPERATING PRESSURE (je :j.) 

PRESSURE RISE RATE (psip/soc)- 


TEST RESULTS 


specimen 
Code No. 



OUTHWEST RESEARCH INSTITUTE 
DATA SHEET . 

UB J C CT test skcuu: egk no. vi 

IMPULSE TEST LOG 


SHEET NO 
PROJECT 

DATE 

BY 


G Y cue rate: pictures 

RECORD (check when taken) Bopin 9000 9 9 , 00 0_ 

cycle s 


160,000 240, 000 


PROJECTED TEMPER ATI IRE C Y CEE S 


DATE 


Hie,) i low t i ir d.i i , ow high i i ow high 1 low high low i high; 

I * I 1 i: 


3600 1 1 4.400l r v1 000i6<1.300: 101.490 i 115.200 I 1 SARD! U6 .(CO 


ADJUSTED TEMPERATURE CYCLES 


Accumulated 

OU PS 



ACTUAL TEMPERATURE CYCLE.' 


IBHHHH 


) 
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JMriJUSK TEST 

for 

1K)HS TYPE SKJ?AJUiU.lv FJT'm\E ASS ICM HEXES - 
(JU ’ fe 2' 1 .’ J.l ! Test I ’ )■ ( K'i'f I u )• ( ■ lor Unions) 


A. TIC. ST PARAMETERS 

Same; 

13. , TIC ST APPARATUS 

Same but add Items 10 and 1 1 as follows: 

10. Adapter: Vendors boss .recess... to 3/4' pipe (see Fig. la). 

11. Extension adapter for manifold to place the boss and boss. adaptor 

in the controlled environmental chamber (see Fig. la). 

C. TEST PROCEDURES 

Add.ltem la to read as follows: 

la For boss assemblies, install as follows: 

- Install extension adapter in manifold. 

- Install vendors boss adapter in end of extension. 

- Install boss in recess (provided in the adapter) in acco rd an ce 
with vendors instructions and tools. 

D. TEST RECORDS 

Same. 


/ 


78 


6.. ASSEMBLY TORQUE AND MISALIGNMENT TEST 

Since these two testa were somewhat similar with respect to the 
mounting fixture required for each test specimen, they were combined into 
one test procedure. The tests arc conducted only on the separable type 
fittings due to the nature of the tests. The test data is primarily for design 
purposes, but arc also useful to the mechanic assembling the fitting. 

The purpose of the Assembly, Torque Test is to determine the amount 
of residual torque imposed on the tubing after the fitting has been assembled. 
This residual torque results from the frictional forces created between the. 
contact surfaces of the mating parts while being joined together, and also 
retained after having been assembled,. Properly positioned strain gages 
(se_e Procedure) and a mounting fixture that securely grips the test speci- 
men, are .the key to deriving worthwhile data from this test. Length of the 
tubing between the grip on one end and the fitting to be tested on the other, 
also determines the amount of residual torque left in the finished tubing 
assembly, since the "spring back" forces are dependent on both the length 
and the torsional stiffness of the tube. This implies_that for the sake of 
correlation, the specimen lengths and the strain .gage locations should be 
the same on all. tests in a particular series. It can also be assumed that 
additional testing on varying lengths of the same size and type of tubing 
could result in data that might predict the residual torque values in random 
untested lengths of tubing assemblies. Due to the economics .of this test 
program, only one particular length of Specimens will be tested in this scries. 



The purpose of the misalignment tost is to determine how great an- 
angular offset could be imposed on the separable fittings and still effect an 
assembly and satisfactory seal. Length of the tubing between the grigs.. aiuL 
pivot axis of the fitting joint is of vital importance in obtaining reliable data, 
since the shorter the tubing the less the bending deflection and therefore, the 
more accurate the angle at the fitting interface. Through preliminary test- 
ing the necessary lengths were determined for each size (shown in Fig. 6 
of the test procedure) and were found to be proportional with each tubing O. D. 

A failure in this test was determined by three different conditions: 

(1) Seal could not be established at maximum torque. 

(2) Threads would no longer engage because of excessive angle of 
displacement. 

(3) Threads were being stripped during make-up. — 

The test assembly is shown in Figure 7 followed by the data sheet form 

used to record the test results. 


Performance Evaluation Test No. 6 

ASSEMBLY TORQUE AND MISALIGNMENT TEST 
(Separable Designs Only) 


TEST PARAMETERS 


L Torsional strain in tubing induced by assembled separable 
fitting 

2. Relative allowable displacement of specimen ends 

3. Fitting leakage at 300 ±10 psi (MS fittings) or 400 ±10 psi 
(all other fittings) 


TEST APPARATUS 

1. Specimen misalignment and assembly torque test fixture 

2. Strain gages.. - 3 element 45° rectangular rosette 

3. Strain indicator and recording instruments _ 

4. Torque wrench 

5. Pressurizing medium (300 and 400 ±10 psi nitrogen) 

TEST PROCEDURE 

1. \ Mount two, 3 element 45° rectangular strain gage rosettes, 
j Micro.- Measurement Type EA-06-062RB-12Q or equivalent, 

on specimen in manner as shown in Figure 6. Care must be 
taken to insure that the two rosettes are diametrically opposed 
and that the center gage grid axis parallels the specimen axis, 
thereby correctly positioning the 45° elements. 

2. Loosely install the assembled specimen in the test fixture and 
make necessary connections to the strain indicator and recording 
equipment. Only the four 45 ° elements will be connected in 

the form of a full bridge as. shown in Figure 6, to measure 
torsional strains on the tube. 
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ASSEMBLY TOR0UE AND MISALIGNMENT (Cont'd) 


3, Balance the bridge output to a zero reading on the strain 
indicator. Fasten the appropriate part. of the test union, 
first in the vise clamp which is subsequently fixed rigidly to 
the test. fixture, and then tighten the arc guide - clamp. block 

on the tube in such a manner that will maintain Or return the — 
torque strains to a. balanced (zero) condition on the strain 
indicator. 

4. Loosen the union nut (E), noting and recording the breakaway 
torque required to disassemble. the union. 

5^ Reassemble the fitting, tightening the nut (E) to the maximum 
torque with a torque wrench, simultaneously recording the 
applied running and residual strains during the tightening process. 

6. Repeat Steps 4 and 5 two more times for a total of three com-, 
plete assemblies and disassemblies of the union during which 
strain measurements were taken. 

7. Following the completion of the assembly torque test, prepare 
the specimen for the misalignment test by repositioning the union 

on the fixture so the’: the mating surface pivot center (see Fig. &)_. 

coincides with the angular scale zero point. Clamp the hex 
portion of the union or male connector portion of the fitting 
assembly in the vise clamp. The short length tubing portion 

of the test specimen is then fastened in the fixed clamp. The 
opposite end of the specimen is fitted into the arc guide. /clamp 
block which has been positioned in the appropriate guide slot 
designated for the particular sized tubing being tested. The 
clamp is tightened to a point which will allow transverse move- 
ment of the tube within the clamp, but restrict an y later al or 
up /down motion. 

8. Attach pressure hose io the male connector on one end of the 
test specimen and pressurize with nitrogen to the required test 
pressure and check for leaks around the union connections. 

Reduce pressure to zero. 

9. Loosen nut (E) completely and angularly displace moveable 
end 2° with the aid of the arc guide /clamp block assembly. 
Re-engage fitting nut if possible and torque to manufacturers 
recommended minimum torque. Pressurise to required test 
pressure (300 psi-MS fittings and 400 psi all other fittings) 

with nitrogen. Bubble check for leaks. If leak occurs, increase 
torque to maximum allowable torque, and if leak persists, 


ASSEMBLY TORQUE AND MISALIGNMENT (Cont'd) 


proceed to next step (10). If no leak occurs, .proceed to 
Step 11. (Note: Before proceeding to either step IQ. or 11, 
bubble check fluid must be removed from fitting to avoid 
lubricating the threads. ) 


10 . 


.If a seal cannot be -made with the separable -uni on, reduce 


the angular displacement to a 1 increment and repeat 
Step 6. If a seal cannot be made with the separable union 
at 1 0 misalignment, return the tube to zero.misalignment 
and repeat St sp 6. Record tnraup nressure. deerees mis' 
alignment and leakage. 


11. If the fitting does not leak at 2°, then increase the angular 

displacement in 1° increments and repeat Step 6 until a seal 
or connection cannot be made. Record torque, pressure and 
degrees misalignment. 


12. Turn off air supply and remove specimen from fixture. 
Inspect visually and record results. 


TEST RECORDS 

Record all pertinent results on the test log, and calculate torsional 
stresses using the formula: 


where 


C-p = torsional stress 
€ = torsional strain (bridge output ) 

E = modulus of elasticity 
y = Poisson's Ratio 

Residual Torque T R will be calculated by using: 


r 


where 


T R = Residual Torque, in, lbs 
J = Polar moment of inertia, in. 
r £ distance from neutral axis to outer fiber, in. 



FIGURE 6 TEST FIXTURE AND STRAIN GAGE LOCATION 
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ASSEMBLY TORQUE TEST RESULTS 
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Specimen Code No. : 

Test Pressure (psig): _ 
Test Temperature-( °F) : 
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PROJECT ■ 0^-3. 1 3 ^02 

date — 

BY 


@ Start: 
Tightened: _ 
Total 

Reading : ^ 


©. 


A^. 








Average Bridge Output Readine ( 1 + 3 + 5 ) = 

3 


© 


in/in ( © 


Actual Torque Strain p .... — , 

e 1 

True Torsional Stress- (cr = 


) = 


0 


€ E_ - © E } = 0 


(E 21-6-9 = 30 x 1 0 6 E Ti ' = 17 x lofy 


1 + p l. 3 
Titanium 


REMARKS: 


Attempts: Zero 


MISALIGNMENT TEST RESULTS 
1st 2nd 3rd 4th. Jth 


6th 


Angular Displace- 
ment (Degrees) 


Seal Established: 

(Yes - No) 


SUPPLEMENT NO. 1 


to 


ASSEMBLY TORQUE AND MISALIGNMENT TEST PROCEDURES 

for the - 

TESTING OF BOSS TYPE SEPARABLE 
FITTING ASSEMBLIES 



BOSS TYPE- -SEPARABLE PITTING ASSEMBLIES 
(Reference: Test Procedure for Unions) 


A. T EST PARAMETERS 

V 

I. * 

Same 

B. TEST APPARATUS 

f. . 

i Same plus Item*' 6 and 7 as follows: 

; 6. Adapter: Vendors boss recess to 3/4" pipe (see Fig. 6a). 

j • 

| - 7. Extension adapter for manifold to place the boss and boss-adapter 

in the controlled environmental chamber (see Fig^_6a). 

'? 

C. TEST PROCEDURE 

1. Mount. two, 3 element 45° rectangular strain gage rosettes, Micro- 
Measurement Type EA-06-062RB- 120 or equivalent, on specimen 
in manner as shown in Figure 6a. Care must be taken to insure 
L that the two rosettes are diametrically opposed and that the center 

| • gage grid axis parallels the specimen axis, thereby correctly posi- 

l tioning the 4 5® elements. 



2 . 


Loosely install the assembled specimen in the test fixture and make 
necessary connections to the strain indicator and recording equip- 
ment. Only the four 45® elements will be connected in the form of 
a full bridge as Shown in Figure 6a, to measure torsional strains 
on the tube. 

Balance the bridge output to a- zero reading on the-strain indicator. 

Fasten the appropriate part of the test fitting (the adapter) first in 
the vise clamp which is subsequently fixed rigidly to the test fix- 
ture, and then tighten the arc guide - clamp block on the tube in 
such .a manner that-will maintain- or return the torque strains to a 
balanced (zero) condition on the strain indicator (see Figs. 6a). 

S 

\ 

l 

■ SI 

Loosen the union nut (E), noting and-recording the breakaway tor- 

que required to disassemble the fitting (see Figs. 6a). { 

Reassemble the fitting, tightening the nut (E) to the maximum tor- 
que with a torque wrench, simultaneously recording the applied 5 

running and residual strains during the tightening process (see 



5. 


ASSEMBLY TORQUE AND MISALIGNMENT (Cont'd) 


Repeat Steps 4 and 5 two more times for a total of three complete 
assemblies and disassemblies of the fitting during which strain 
measurements were taken. 

Following the completion of the. assembly torque-test, prepare the 
specimen for the misalignment test by repositioning the fitting/ 
tubing assembly on the fixture so that the fitting. to boss mating 
surface pivot center (see Fig. 6a) coincides with the angular scale 
Zero point. Clamp the hex portion of the adapter or male connec- 
tor portion of the fitting assembly in the vise clamp.. The exten- 
sion/adapter portion of the test Specimen is then fastened in the 
fixed clamp. The opposite end of the specimen is fitted into the 
arc guide /damp block which has been positioned in the appropri- 
ate guide slot designated for the particular sized tubing being 
tested. The clamp is tightened to a point which will allow trans- 
verse movement of the tube within the clamp, but restrict any 
lateral or up /down motion. 

Attach pressure hose to the male connector on one end of the test 
specimen and pressurize with nitrogen to the required test pres- 
sure and check for leaks around the union connections. Reduce 
pressure to zero (see Fig. 6a). 

Loosen nut (E) completely and angularly displace movable end 2 C 
with the aid of the arc. guide/clamp block assembly. Re-engage 
fitting nut if possible and torque to manufacturers recommended 
minimum tox’que. Pressurize to required test pressure (300 psi- 
MS fittings and 400 psi all other fittings) with nitrogen. Bubble 
check for leaks. If leak occurs, increase torque to maximum 
allowable torque, and if leak persists, —proceed to next step (10). 

If no leak occurs, proceed to Step 11. (Note: Before proceeding 

to either Step 10 or 11, bubble check fluid must be removed from 
fitting to avoid lubricating the threads. ) 

If a seal cannot be made with the separable portion of the fitting, 
reduce the- angular displacement to a 1 0 increment and repeat 
Step 6. If a seal cannot be xnade with the separable portion of 
tlxe fitting at 1 ° misalignment, return the tube to zero misalign- 
ment and repeal Step 6. Record torque pressure, degrees mis- 
alignment and leakage. 

If the fitting does not leak at 2 °, then increase the angular dis- 
placement in 1° increments and repeat Step 6 until a seal or con- 
nection cannot be made. Record torque, pressure and degrees 
misalignment. 
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FIGURE 6a TEST FIXTURE AND STRAIN GAGE LOCATION FOR BOSSES 
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7 AXIAL-PULL AND ’TUBE RESTRAINT TEST - 

The purpose of the axial pull test ift to determine the tensile load re- 
quired to fail, the tubing or fitting assembly. Failure is defined as the. point 
where a gas leak is detected by a bubble check during the actual, loading of 

the test specimen which has been pressurized with shop air, 

The tube restraint test is used to determine the ability of the separa- 
ble fitting to effect a seal with a gap existing between the two fitting halves 
before assembly. The gap is increased from Zero to the point that a seal 
cannot be effected or 85% of the yield strength load of the specimen has been 
attained or. exceeded by torqueing the two halves together. Care must be taken 
to insure that the length of the specimen between the grips of the test machine 
is the same for all specimens to allow for correlative test data. 

The tests .are conducted in a Baldwin Test Machine capable of produc- 
ing 200,000 lbs of tensile load, using other required equipment as illustrated 
in Figure 8. Special grips were designed to grip the tubing uniformly as well 
as positively, and close fitting rod inserts were positioned in the tubing to 
prevent-collapse of the tubing walls at the higher loads required for 21-6-9 
and titanium. Deflection gages were positioned at appropriate points on the 
specimen to determine the distance in the gap, and also any slippage that 
might influence the test data.. 


AXIAL PULL AND TULL RESTRAINT 
(Tube Restraint for Separable Designs Only) 


TEST PARAMETERS 

1. M c c h a n ical un iax L a 1. tensile load 

2. Pressure: 100 ±10 psig 

3. Pressurising fluid (shop air regulated to 100 -10 psig) 

4. Relative longitudinal controlled displacement to create fitting gap 

5. Tubing /'fitting stress limit 

TEST APPARATUS 


1. Specimen axial pull holding fixture 

2. Universal test machine with strain pacer (Baldwin or equivalent) 

3. Strain pacer 

4. Hydraulic hand pump 

5. Pressure gage (0-100 psig) 

6. Torque wrenc hes 

TEST PROCEDURE (Separable Fittings) 

1. Calculate maximum load required to achieve 85% of tensile yield 
stress in tubing- . 

2. Install test specimen in axial-pull test fixture with union tightly 
assembled with nominal torque . Distance between grips should 
be 13 inches. 

3. LooSen union and with the aid of a deflection indicator mounted 
across the union .joint open gap in joint . 015", one side only. 


AXIAL PULL AND TUBE RESTRAINT (Cant'd) 


4., Torque fitting, to measured nominal torque. (Do.not exceed 

the load eciualling 85% of yield. ) Recard tension load reading 
in tensile test. machine. and readings of dial indicators positioned 
at each 6nd of the test specimen to determine slippage within 
the grips. 

5. Pressurize fitting to 100 psi and lefiik check to determine if fitting 
completed the seal. . 

6. If fitting satisfactorily completed the seal, increase gap . 005" 
and repeat steps 3, 4 and 5. 

7. Continue increasing gap until tube stress reaches 85% yield or seal 
cannot be effected. Record results. 

8. If a seal. cannot be effected. in Step 5, then reduce gap to . 010"' 
and repeat steps. 3, 4 and 5. If a seal is still impossible, .reduce . 
the gap to . 005". Each time record test results noted m_steps 

3, 4 and 5. 

9. Assemble union to maximum torque value. 

10. Pressurize specimen to 100 psi _+ 10 psig using shop air. 

11. Check critical areas for leakage. 

12. Continue to increase load until either: 

(a.) Pressure reduction or bubble check indicates fitting leakage 
or, . 

(b) Specimen fracture occurs; record results. 

1.3, Turn off air supply and relieve specimen load. — 

14, Remove specimen from test fixture and visually inspect . 

15, Record all pertinent results on test log. 

FOR PERMANENT FITTINGS 

16, Compute tensile load required to achieve 85% of tensile yield 

in tubing . 

17,. Install assembly in. axial pull te st f i xture in tensile test machine. 
18, Repeat steps 10 through 15 above . 





FIGURE 8 AXIAL PULL-TUBE RESTRAINT 
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DATA SHEET. 

SUBJECT test SEQUENCE NO. IX 
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SUPPLEMENT NO. 1 


to 


AXIAL PULL AND TUBE 


RESTRAINT TEST PROCEDURE 
for the 

TESTING OF'BOSS TYPE SEPARABLE 
FITTING ASSEMBLIES 


9 ? 


AXIAL PULL AND TUBE RESTRAINT TEST 

for 

boss Type separable pitting, assemblies 

(Reference: Test Procedure for Unions) 


A. TEST PARAMETERS 

Same,™ 

B. TEST APPARATUS 

Same plus Items 6 an.d 7 as follo w .3:.. 

6. Adapter: Vendors boss recess to 3/4" pipe (see Pig. 8a). 

7. Extension adapter, for manifold to place the .boss and boss adapter 
in the controlled environmental chamber (see. Fig. 8a)» - 

C. TEST PROCEDURE 

1. Calculate maximum load required to achieve 85% of tensile yield 
stress in tubing. 

2. Install test specimen. in axial -pull test fixture with bossand com 
necting tubing tightly assembled with nominal torque. Distance 
between grips should be 13 inches (see Fig. 8a). 

3. L.oosen fitting nut and with the aid of a deflection. indicator mounted 
across. the union joint open gap in joint . 015", one side only. 

4. Torque fitting to measured nominal torque. (Do not exceed the 
loacLequaling 85% of yield. ). Record tension load reading in-tensile 
test machine and readings of dial indicators .positioned at each end 
of the .test specimen .to determine slippage within the grips. 

5. Pressurize fitting to 100 psi and leak check to determine, if fitting 
completed the. seal. 

6. If fitting satisfactorily completed the Seal, increase gap .005" and 
repeat Steps 3,. 4. and 5. .. 

7. Continue increasing gap until tube stress reaches 85% yield or seal 
cannot be effected. Record results., 

8. If a seal cannot.be effected in Step. 5, then reduce gap to .010" and. 
repeat Steps 3, 4 and 5. -If a seal is still impossible, reduce the 
gap to . 005". Each. time retard test results noted in Steps 3, 4 
and 5. 


AXIAL PULL AND TUBE RESTRAINT. TEST (ContVd) 

9. Assemble boss to filling, using.maxinuim torque value* 

10. Pressurize specime n to -1 00 psi ±10 psig using shop air. 

11. . Check critical areas for leakage. 

12. Continue to. increase load until either: . 

(a) Pres sure, reduction, or bubble check-indicates fitting leakage 
or, 

(b) . Specimen fracture occurs; record^results. 

13. Turn off air supply and relieve specimen load. 

14. . Remove specimen from test fixture^and visually inspect. 

15. Remove boss from adapter and. visually inspect. 

16. Record all pertinent results un Lest log. 




1.00 


8 . STRUCTURAL LOAD RELAXATION TEST (Separable Fitting Only 1 

The purpose,of this test is to measure the structural load relaxation 
of a separable fitting assembly subjected to a tensile_s±ress..load equal to the 
stress level which would be applied to the tubing by proof pressure (2_times 
operating pressure) and to a temperature condition equal to the maximum, 
allowable for the. -particular type of tubing. The-relaxation is measured in 
terms of strain reduction monitored periodically during. the test period of 
1 j 0 0 hours, and subsequently converted into terms of stress reduction. 

One uniaxial high temperature strain gage is mounted to the specimen 
to measure the tensile strain applied, and the specimen is positipned in a 
separate, self-contained load frame Capable_of rigidly gripping the tubing, 
and simultaneously applying the prescribed tensile Load, The entire assembly 
is then placed into an environmental chamber designed to withstand proof 
pressure level failures in the_event of their occurrence. 

In order to obtain definitive results from this test, it is of prime 
importance to "exercise" the strain gages mounted to each-specimen by 
pressurizing and loading the specimen several times at elevated temperatures 
prior to the actual start of the test period. This is done to .settle the strain 
gage and insure -the satisfactory curing of the special adhesive used in the 
application of the_gage. An illustrative diagram of the test fixture is pre- - 
Seated in Figure 10 following the test procedure. 
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Performance Evaluation Test No. 8 

STRUCTURAL LOAD RELAXATION 
(Separable Fittings Only) 


A. TEST PARAMETERS 

1, Test Pressures __ 

1.1 Class I. or .II assemblies: 200 ±5 psig 

1.2 Class I assemblies: to 8, 000 psig 

1.3 Class II assemblie s: to 6,000 psig — 

2. Test Temperatures 

2.1 Class. I assemblies: 450 ±25°F or, 

2.2 . Class II assemblies: 275 ±25°F 

3 Test Load: As required to produce. a tensile load on the 

specimen equivalent to that which would .be induced by 
pressures twice the operating pressures, 

4. Test Duration: 100 hours at elevated temperature 

5. Test Medium: Mobiltherm 600 Oil or equivalent 

B. TEST APPARATUS 

1,. Structural load relaxation (SLR) t est j chamber 

2. SLR specimen load frame 

3. Hydraulic pressure pump (10, 000. psigi 5 gpm) 

4. Bourdon-type pressure gage (0-10,000 psig) 

5. Strain gage instrumentation — 

6< Calibration equipment (for pressure, temperature, and 
strain gage i ns t rume nta l i o n ) 
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STRUCTURAL LOAD RELAXATION (Cdht'd) 


TEST PROCEDURE 

1. At location "AH on. a SLR test specimen, see. Figure 9, 
mount a single element strain gage, Micro-Measurements 
Type WK--09-062AU- 120 -or. equivalent. The gage -grid axis , 
must parallel the specimen axis. 

2. Install the apecimen in a SLR load frame, and by applying a 
tensile load to the. specimen of at least 75% .of. the test load, 
tighten the tube holding clamps to insure against slippage 
during the test. 

3. Position the load frame in the .SLR. test, chamber, connect 
the specimen strain gage lead wires to the. strain indicating 
circuit, and the specimen itself to the pressurizing manifold. 

4. Repeat steps 1-3 for. all specimens in a particular test run. 

5. Increase the SLR test chamber temperature to 5% above the 
amount required for the class, of fitting undergoing test and 
maintain this temperature for two hours. 

6. Reduce the temperature .to the required test temperature and 

conduct a proof pressure test in accordance with the Test 

Procedure No. 2. 

7. Upon successful completion of the Proof-Prea sure Test apply 
the tensile load required for the test to each specimen, hold 
momentarily and then reduce the load to zero. Repeat. this step 
for a total of three cycles, in order to settle the strain gage- 
installation and reduce the hysteresis effect normally associated _ 
with this, type of test. Reduce the temperatures And pressure to 
ambient, allow to. stabilize, and then balance each strain gage 

to a null reading on the indicator and .record the zero setting. 

8. Raise the temperature in the test chamber, to the required 
amount for the actual test, and determine when. temperature 
has stabilized by periodic recording of strain gage output 
readings. 

9. After temperature and strain gages have stabilized, record 

the strain readings of each gage and use this setting as the - 
test zero. 
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STRUCTURAL LOAD RELAXATION. (Cont'd) 


ffS 200 osi and load eadh specimen. 

Pressurize the specimen ^ ’ stra in required by the 

in turn to *he Tred.termtnedtenst! , as *. parting 
test, using the test zer. together with the strain 

point. Record-the data and hm , * the 100-hour test 

readings of all gages. This win 

period. 

During tha 100-hour « Bt Pariod, as^a ^‘“^“’hday. . « 

strain gage readings.a times a specimen leakage 

- - 

specimen. and racord pertinent data. 

Upon completion of the 100 * h ““ r “^“tetS'ce operating 
all gages, and than -crease ha the te5t and 

pressure for the class of fitti g insoect each 

Told at this pressure for 5 m-ute» ' —^‘readings. . 
specimen for signs of leakage, and 
again. 

j 4-Vwa nressurc and^tcnsilc 
, After the 5 minute hold P® r ^" re .^record the strains. This 
— ht o=d ^^Itest aero of step , -1 
indicate a permanent set or 

Reduce the test chamber the W 

tomes ° f Ater a vi e suai a inspaetlon of the test specimens, re- 
cord all pertinent data on tha test log. 
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STRUCTURAL LOAD RELAXATION TEST 

for 

BOSS TYPE seharable:fitting ASSEMBLIES 

(Reference: Test Procedure for Unions) 

A. TEST PARAMETERS 




Same 


B. 

TEST APPARATUS 




Same plus Items.? and 8 as follows: . 



7. 

Adapter: Vendors boss recess to 3/4" pipe ( 

see Fig. 9a). 


8. 

Extension adapter for manifold to place the boss and boss adapter 
in the controlled environmental chamber (see Fig. 9a). 

C. 

. TEST PROCEDURE 



Same except fo.r Items l, 2 and 14 to read as follows. 

1. At location ! A ' on the SLR -test specimen, shown in Figure 9a, 
mount a single element strain gage, micro-measurements Type 
WKt 09-062AU-120 or equivalent. The grid axis must be paral- 
lel to. the specimen axis. Assemble the extension adapter and 
the boss adapter. Install the boss, in .the recess provided by the 
vendor in the boss adapter. . Assemble the tube to the boss and 
install the end fittings. 

2. Install the specimen in a SLR load frame in accordance with . 
Figure- 10a, and by applying a. tensile load to the.specimen of at 
least 75% of the test load, tighten the tube holding clamps to-in- 
sure .against. slippage during, the test. 

14. Reduce the chamber temperature to ambient, record the .strains 
Of all gages, .ahd remove the specimens from the-load frames.. 
After visual inspection of_the. total assembly, record -all perti« 
nent data on the test log. Disassemble the test specimen(s) and 
pay particular attentioruto -the separable part of the fitting as well 
as the boss as it is removed from the adapter. 







FIGURE 
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GASEOUS LEAKAGE TEST 


1 1 1 


In this test progr am th e g aseous leakage test is used primarily as a . 

means to. detect any deterioration in the integrity of a fitting being. tested 
under some of the other test procedures. The very small molecular struc- 
ture of helium gas, the tracer gas used in this test, allows ii to penetrate 
through openings which other agents s\jch as water and. oil cannot penetrate. 
Therefore injection of pressurized helium into .a. test system together- 
with a detection device capable of sensing very small amounts of escaping 
helium provided a more sensitive method to determine the extent of possible 
damage suffered by a test specimen. This method also makes it possible to 
determine a rate of leakage, whereas a simple bubble check as used in some 
tests in this program, or the water immersion type bubble check recom- 
mended by others does not. 

A VEECO brand, mass spectrometer type Model 90 AB helium leak 
detector together with its associated "sniffer’ - . device , was used to_conduct 
this type of test. A comparatively simple method. was devised wherein 

a small isolation tube was. placcd_ovcr the test specimen mounted in 

the test manifold of the test facility being used, and with the aid of the "sniiier" 
device, readings were taken before and after helium gAs-\vas injected into the 
specimen. In this manner the amount of helium escaping from the test 
specimen into-the- isolation tube was measured over a defined pd_riod-&f time, 
ancLwhen compared with a known leakage rate into the same isolation luhe_during 
cali brati on, a definitive measurement of the leakage rale through the test 


specimen could be established. For the.-purpo.se of this test .program ^ 
"no leakage" is dcfined_as n leakage rate-of 1. 0 x 1(11? scc/sec or less 
The normal test sot--up is illustrated in Figure 1 following the 
Repeated .Assembly Test Procedure. The test data, is recorded on_the 
test data sheets of the primary test being conducted on the specimen. 



l?c v fo r mini ri’ Evaluation Test No, 9 

G AS ICO US 1 ,E A K AG K .. 

(Reformer: ARP K99) 

TEST PARAMETERS 
J, Pressure 

1. 1 Class I. assemblies i 4.00C +_ 25 psig. 

1. 2 ' Class II assemblies: 3, 000 _+ 25 psig 

2. Temperature 

2.1 Class I assemblies: 450?F‘+ 10°F. and room temp. . 

2.2 Class II assemblies; 275 r F + 10°F and room temp. 

3. Pre s sure Hold Time: 2 minutes 

4. Test Medium: Gaseous helium 

TEST APPARATUS 

1. Vce.co Model MS90AB Leak Detector or equivalent calibration 
equipment as required for 'above instruments 

2. Gaseous pressure source (0-4, 100 psig) 

3 Rour.doji -type -pres sure gage (0-5. 000 psig). temperature 

controller, temperature recorder 

4.. Specimen mounting fixture and isolation tube 

5.. EnvironmcntaL.chamber 

TEST-PROCEDURES 

1.. Install specimens in mountin g fi xture used in primary test 

2. Install isolation tube xtYer specimens 

3. Purge specimens and applicable portions of manifold and 
pressure system with nitrogen 


GASEOUS LEAKAGE IConf'd) 


Raise thambei: temperature to desired level, and hold for, 

20 minutes to allow far.. thermal stabilization 

Attach-hclium source -to the inlet fitting of specimen to be 
tested. Do not pressurize . 

Insert. leak detector sniffer probe through. isolation tube near 
the fitting set. Record zero leak detector reading at zero 

Pressurize specimen with helium to operating pressure for 
class of. assembly being tested and hold for two minutes. 
Record leak detector reading every 30 seconds 

Reduce helium pressure to zero and record leak detector 
reading 






GASEOUS LEAKAGE TEST 
for 

BOSS TYPE SEPARABLE FI TT-JNG ASSEMBLIES 
(R o fero n cc: Teal Procedure for Unions) 



A. 

TEST PARAMETERS 




Same., 


l > »■ * 

B. 

TEST APPARATUS 


P _ : 


Same plus Items 6 and 7 ns follows: 


C 

p 

l 1 ii : 


6. Adapter: Vendors boss recess to 3/4" pipe (see Fig. la in 

Assembly Test Procedure).. 

Repeated 

* A - t * l 

(■ 

c " . i 1 

i ■ ; 


7. Extension adapter for manifold to place the boss and the nos s 

adapter in the controlled environmental chamber (see 4 ig. la 
in Proof Test Procedure). 

f- 

C. 

TEST PROCEDURE 
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CLASS "A" FIRE RESISTANCE TEST 


1 1 


This, testis intended to determine the tire re Si&Uirtcc of tube fitting 
assemblies under simulated conditions that parallel those taking place in a 
severe aircraft power-plant fire. _ 

Test parameters as Outlined in ARP 1055, currently in the. state of 
revision, .were used in the performance of the test. Generally the equip- ■ 
ment design and calibration procedures also, described therein were followed. 
However, some modifications were necessary because of the new 4,JD00 psi 
pressurized system requirement at elevated temperatures of 200-230°F. 

This primarily-involved installation of he at exchangers in the closed loop 
pressure System to protect the seals in the high volume pump and other con- 
trol equipment. The oil was heated to the required temperature just upstream 
of the test specimen. 

Another change from the ARP 1055 was the use_jcf a methane (2, 000°F) 
torch instead of the oil burner specified. This resulted in a much cleaner and 
simpler test, in addition, to the fact that the particular type of oil burner called 
for is na longer available. Safety precautions included remotely controlled 
test actuators, a. closed circuit TV monitoring system, and the installation 
of the test facilities in a fire /explosion proof-cell. The test loop-is shown 
in the descriptive layout of Figure 11 following the Test Procedure Outline. 
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Performance Evaluation Test No,.. IQ_ 

CLASS A FIRE RESISTANCE 
(Reference; ARP 1055) 


TEST PARAMETERS 

1. Tost Pressures . 

1. 1 Class I assemblies: Between 4,.000 and 4, 025 psig. 

1.2 Clas s II assemblies : Between 3,000 and 3, 025 psig 

2. Test Temperatures . 

2. 1 Class I assemblies: 200-230°F. (max. internal .fluid temp), 

and exposure to a flame temperature of 2,000 _+ 100°F 
as measured 1/4-in. from specimen 

3. Test Time:. 5-minute exposure to.fla.me 

4. Flame Envelope:. A minimum, of one tube diameter upstream 
and downstream of the test fitting. Envelope to be symmetrical 
about the horizontal and vertical tube-fitting center planes and 
completely engulf the test fitting 

5. Specimen -Vibration: +l/l6-in. displacement of the test fitting 

@ 2, 000 Hh 50 cpm 


TEST APPARATUS 


1. Flame chamber, including air flow regulating fan, .methane. . 
burner (Clements Manufacturing Company- Model M-2 or 
equivalent), yith 4, 500 BT. U minimum heat output 

2. Pressurizing fluid: Mobil Jet Oil II or equivalent 

3. 5 5 gallon oil supply 

4. Specimen fire resistance holding fixture and CO^ extinguisher 

5. Mechanical vibrator 

6. Hydraulic pressure pump (5,000 psig*. 1-1/2 gpm) 


w 5* 
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Cl, ASS A FJ.KK l< ESI, STANCE (Coni'll) 


7. Input oil heater (1500 watts) 

8. 1 lejit exchanger (10, 000 BTU 'a./ minute) 

9. Flow metotj(_0.05 to 1, 5 gpm) 

10, Bourdon -.type pressure gage (0-5, 000 psig) 

11, Shielded thermocouple p.robe (,2,500°F capability) 

12, Temperature recorder and automatic shutoff system 

13, Pressure transducer and strip chart recorder 

14, Calibration equipment as required for above instruments 


C. . TEST PROCEDURES 

1. Install specimen in fire resistance mounting fixture 

2. Activate pressurizing fluid heating system, start the pressure 
pump and circulate the oil through the specimen. . Visually 
inspect the system for leakage and begin monitoring the tempera- 
ture at the inlet and outlet positions to the specimens with a 
re corde r 

3. After the. fluid temperature attains the inlet, ope rating tempera- 
ture of 200 to 230 °F, gradually increase the pressure to the 
required operating pressure and adjust the pump controls to 
assure the specified flow. - 

4. Start, specimen vibrating mechanism and turn-on the methane 
burner.. (Adjustment of the flame temperature to 2,000°F 
+ 100°F as meas.ur.ed at a point 1/4 in. from specimen-- must 
be accomplished prior to the actual. lie st,. ) 

5. Maintain flame for either five. minutes or -until, leakage develops. * 
Measure oil. outlet Icmpe ratu re for temperature rise cross fitting 

gallons per. minute; numerically equal. to Square of. tube I. D. in inches., 
.rher calibration conducted similar to that described in ARP 1055. 
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CLASS A FIRE RESISTANCE (Corit'd) 


6, Reduce prcs.sure to ze.ro aruL^hut off_the pressu re pump and 
vibrator* 

7, Allow the spe cim en. to cool;, remove from holding fixture 

8, Conduct, visual inspection. For tests of separable. .fittings , 
include examination of seals and sealing surfaces 


❖Test cell. is equipped.with a C0 2 fire extinguishing system; if leakage 
occurs, flame will.be extinguished and oil flow' will cease. 




SPECIMEN CODE NO. : 


TEST FLUID TEMP..: _ 
PRESSURIZING FLUID: 
OPERATING. PRESSURE: 


ASSEMBLY TORQUJ 
(Minimum) 

FLUID FLOW RATE 


TEST RESULTS: 
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CLASS "A" EIRE RESISTANCE TEST 

for- 

BOSS TYPE SEPARABLE FITTING ASSEMBLIES 
(Reference: Test Procedures for Unions) 

A. TEST PARAMETERS 
Same 

B-. TEST APPARATUS 

Same plus Items 16 and 16 as follows: 

15. Adapter: Vendors boss recess to 3/4" pipe (see Eig. Ha). 

16. Extension. adapter to permit placement of boss and boss adapter 
in the middle of the flame path as required by ARP 1055. 

C. TEST PROCEDURE ’ 

Same, but add Item la to read as follows: 

la. Assemble. the extension adapter, boss adapter and tube./ fitting 

specimen for installation in the mounting fixture. Installation 
is to be made with the extension and boss adapter downstream 
as shown in Figure 11a. 

D. TEST RECORDS 


Remove test specimen and examine for damage or deterioration. Record 
results of tests on attached data sheet. 
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1 1 • THERMAL SMOCK TEST ' 

T ! ; purpose of this test is to determine (he reaction of the- f itting 
assembly to sever e-temporature changes, both internally and externally 
with liquid and air mediums. The maximum and. minimum temperature 
ratings of (he particular class of fittings are the basis for these tests and 
are imposed by utilizing separate hot and cold chambers alternately for the 
air shock portion of the test, followed by alternately filling of the test assem- 
bly with liquid at both temperature extremes and slightly pressuiizing with 
shop air. Each test series is followed by_a proof pressure .test to deter- 
mine if any damage has occurred to the specimens as the result of the. shock 
tests. Protective clothing, eye shields and gloves should be used as a pre- 
caution against injury from exposure to the hot oil and dry ice/alcohol mix- 
tures used to conduct the liquid shock tests. . A schematic layoutof the liquid 
shock test-facility is presented in Figure 12 following the test procedure. 


Performance Evaluation Test No,. 11 


THERMAL. .SHOCK 
(Reference: ARP-8'1'1) 


A . TEST PARAMETERS 

1. Test Temperatures : -65-°F (^op) f° r 4 hours /cycle (Class I and II) 

+4.50°F '(tlO°F.) for 4 hours/cycle. (Class 1) 
•i‘275°F (*10°F) Jo,r ..4 hOursVcycle (Claas_II)~ 

2 . Three Cycles: 4 hrs at -65°F and 4 hrs at +450°F or +275°F 

B. TEST APPARATUS 

1. High temperature oven (+450°F) 

2- . Low temperature chamber ( -65°F) 

3. . Timer 

4. Pressure, fill fitting with 0-50 psig gage 

5. Shop air supply. 

C. TEST PROCEDURES 

*1. Install test article(s) in high temperature chamber after chamber 
temperature has been stabilized at +450°F -10oF. 

2 . Set timer for .4 hours and remove test article at the end of 4 hours. 

3. Within 5, minutes -transfer test atticle(s) to. the cold...chamber with 
the temperature stabilized at -65°F t.5°F. 

4. Set timer for 4 hours and remove test article(s) at that time. 

5. Steps 1, 2 , 3 and 4 constitute -one cycle. Repeat Steps 1 ; 2, 3 and 
4 to complete a total of 3 cycles. 

6. Permit test specimen to stabilize at room temperature and conduct 
proof pressure test. 

7. Following the. air shock treatment above, conduct the low tempera- 
ture liquid shock test on fittings starting with the fitting assembly 
at room temperature.. Cap one end of-the specimen assembly and 
attach the fiil fitting to the other end. 


sl'Notc: Ear-Class II specimens use hot_temp£Lrature of 275BF. 


THERMAL SHOCK (Coal'd) 


8. Stabilise assembly ut room -temperature. Fill lube with fluid at 

-65°F. Cap fill chamber and. pressurise .with air to 10 p::ig. Check 
for leaks.. Record results and remove fluid. 

*9. Immediately insert fluid with temperature stabilised at +450°F and 
pressurize test specimen with 10-psi shop air. Check for leaks. 
Record results and remove fluid. This constitutes one cycle. 

10. Immediately repeat steps 8 and 9 until three Complete cycles are 
accomplished. 

11. Permit-test specimen to stabilize at room temperature and conduct, 
proof pressure .test. 

12. Record results following examination for signs of cracks, distor- 
tions, failures or gaps that may be indicative of an impending leak 
or failure. 


*Note: For Class ii specimens use hot temperature of 275°F . 
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T1 ll'.'RMA L SHOCK TEST . 
for 


BOS 


S TY PE SEPARABLE PITTING ASSEMBLIE 
(Reference: Teal. Procedures for Unions) 


S 


A. . TEST PARAMETERS 

Same (use both air shock and liquid shock), 

B. TEST APPARATUS 

Same plus Items 6 and 7 as follows: 

6. Boss adapter: Vendors boss recess to 3/4" pipe (see Fig. 12a), 

7. Extension adapter to place boss/boss adapter in middle of test 
specimen (see. Fig. 12a). 

C. TEST-PROCEDURES 


Same with addition of Item 7a as follows:. 

7a. Tube end Of specimen is to be at the -filler-end while the. extension 
adapter is at t he lowe r end (s ee Fig. 1 2a ) . 



1 


FIGURE 12a LIQUID SHOCK TEST ASSEMBLY 
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12. . STRFSS CORROSION TEST 

This test method.ia-intendad to determine the r e . ai . at a i xQe...of the 

fitting as sembly_J;o .a corrosive environment. The pressurized test speci- 

men as depicted in Figure 13, following the. test procedure* is alternately 

immersed into a pan of 6% heated salt water solution and then allowed to _ 
dry in a warm atmosphere. The test is conducted for a period of 9-6 hours. 
During this test the__cantilevered specimen is also subjected.to a bending 
stress level of 20,000 psi at a point on the. tubing 1/S" from the tubing/ 

union interface. This is accomplished with the. aid of a strain gage 

mounted at that point. 

A reserve.salt water tank is required to permit, replenishment of 
the solution in the ...bath as it evaporates while operating at the elevated 
temperatures. A forced warm air system is incorporated in the environ- 
mental chamber to speed up the drying process. After removal from the 
test fixture, the specimens are thoroughly cleaned with. water and fine 
steel wool to remove the sediment of evaporated salt. This is followed 
with a close inspection of the tested assembly with a 10X magnifying 
glass to detect any . signs of corrosive. effects. 

For the sake of ease in reporting the. extent of visible corrosion 
on the test assemblies, the following criteria will be used: 

Slight Corrosion = Barely visible evidence of change from 

original form 

Mild Corrosion = Few minor pits, scales, or discoloration 


1 

\ 




Po rlormance Evaluation Tost No. 12 
STRESS CORROSION 

(References: ARP 899, FTS-151 Method 811. 1 and MIL-F- 18280C) 

A. TEST PARAMETERS 

1. Test chamber temperature 140°F (+10°F) 

2. Salt solution tempe rature: 190 °F (_+10°F) 

3. Immersion cycle time,; 5 minutes in salt solution 

4. Drying time after removal from salt solution: 25 minutes 

5. Total time per cycle: 30 minutes 

6. Total cycle time: 96 hours 

7. Specimen internal hydraulic pressure: Class I (4,000 psi); 
Class II (3, 000 psi) 

8. Bending stress produced by fixture: 20, 000 psi @. strain gage 

location 

B. TEST APPARATUS 

1. Environmental chamber for 140 °F temperature 

2. Cycling apparatus for 5-minute immersion and 25-minutc 
drying tinges per cycle 

3. Salt solution: 6.%. NaCl @ 190 °F- 

4. Elapsed time clock 

5. Hydraulic pressure apparatus 

6. Holding fixture for specimens to induce bending stress 

7. Strain indicators 


STRESS CORROSION (Cant'd) 


TEST PROCEDURES 

1. Mount a single element strain gage, Micro-Measurement Type 
EA.-06-062ED- 120, on the -Specimen, as shown in Figure -13. ... 

The. gage grid axis. must parallel the specimen axis, and the - 
centerline of the gage Should be 1/8" from the tube/union inter- 
face 

2. Install the fitting specimen(s) in the support fixture and balance 
the Strain gage(s) to a null (zero) position on the strain indicator 

3. Apply a bending load to the specimen(s) which will produce the 
stress level specified above. This. is. accomplished by position- 
ing the bending load set screw (Fig. 13) on the end cap of the 
specimen and with it, deflecting the cantilevered, specimen.to a 
point which produces the predetermined strain as indicated by 
the strain gage and its monitoring system 

4. Prepare 6% salt solution (NaCl) 

5. Install test article(s) support fixture in chamber 

6. Raise salt solution temperature to 190°F ( + 10°F) and stabilize 

7. Attach hydraulic pressure source and apply specified pressure 

8. Raise chamber temperature to 140 °F ( + 10 T) and Stabilize 

% Turn on automatic cycling apparatus and check. time on first cycle 

10. Set timer for 96 hours with daily checks to be made to insure — 
continued cycling 

11. After 96 hours of continuous cycling, shut off pressure, tempera- 
ture and automatic cycling apparatus and allow specimen to cool 

12. Remove specimen, rinse clean in tap. wate r, and polish with steel 
wool. With the aid of a 10 power glass, examine test article(s) 
for corrosion penetration, cracks, pin holes or potential failures... 
When necessary longitudinally cut through or peel back fitting from 
tubing to determine extent of damage. Record results of the 
inspection 

13. Perform burst test on one specimen and record results 



FIGURE 13 STRESS-CORROSION TEST FACILITY 
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SOUTHWEST RESEARCH. INSTITUTE 
DATA SHEET 

Test Sequence No» VlII 
Stress Corrosion Test 


SHEET NO 
P.RO JECT ■ 
DATE 


INSPECTION RESULTS FOLLOWING IMMERSION CYCLES 

Specimen . 
Code No. 

Extent of 
Visible 
Corrosion* 

Other Inspection Remarks 


Legend for "Extent of Visible Gorrosum ' 

Slight - Barely visible evidence: 

Mild Fcav minor pits, scales or di scolorai iot 
Moderate - Pitting, . scaling, c'c., ’’ n - ^ n"A c . f 
Excossivi.! Out 50! ' cor rn;; ion 





SUPPLEMENT NO. 1 


to 


STRESS CORROSION. TEST PROCEDURE 
for the. 

TESTiNG OP BOSS TYPE SEPARABLE 
FITTING ASSEMBLIES 



STRESS CORROSION .TEST 

for 

boss Type separable pitting assemblies 

(Reference: Test Procedure for Unions) 


TEST PARAMETERS 


Same. 

TEST APPARATUS 

Same with addition of Items 8 and 9 as follows: 

8. Boss c.dapter: Vendors boss recess to 3/4" pipe (see Fig. 13a). 

9^ Extension adapter to fit into manifold thereby extending boss adap- 
ter for required bending stress (see Fig. 13a). 

TEST PROCEDURES 

Same except reference, is to Figure 13a and tube/boss interface 
instead of tube/union interface. 






I'M 


1 3. V. T.BR A’J'IOM T I I ST . 

This test Js intended to dele rmine the. various vibration. parameters 
that can bo withstood by the union fitting/tubc assemblies. .The test condiUons 
taken from MIL-STD-8 10B simulate to sortie degree the conditions that could 
be attained in actual service experience. Due to the variations in design,, 
assembly, installation and operation, no test can cov^r all the conditions a 
system will, experience; however, the Scries of tests scheduled within this 
test procedure exposes the test specimens to a general cross-section of 
vibration parameters that probably will be found in today's jet aircraft and 


aerospace systems. 

The method of mounting the test specimen has a significant effect 
upon the test results and once again simulation of. actual installations must 
be relied upon. The cantilever holding fixture permitted development of 
excessively high "g'Uorces due to the heavy mass of the unions and terminal 
end fittings. Therefore, the holding fixture was changed to a simple beam type 
with two point suspension and clamping. The cantilever type fixture will 
be used for testing of the boss fittings and the end cap will be of a minimum 
weight to reduce theJ'g 1 forces under these conditions. The stiffness factor 
of the larger diameter tubing /fittings will have a significant impact on the 
test results. Therefore, injhe design of clamping/restraints, the ideal 
unsupported span for a -16. tube may be detrimental spacing (ox a -6 tube.. 


M 


Pcrforman et 


lilvaliKitUhv Test No. IT 
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VIBRATION 
(Separable Desit 
e fere lie os: Mile 


TEST - 
-us. Only) 
-STD--B1 OB) 


A . TEST P ARAMET ERS 


1. 

2 . 

3. 

4. 


Resonance search: iOnnn 

Resonance dwell: 30 -min dwell time at each resonance 
Sinusoidal cycling: > hours (less_dwell time) . 2. 5 hours 
Sweep time: 15 minutes (frequency 5-500-5) <«* 5'-»- I 

20 minuet Urgency 5-2000-3) (Fig 514. 1 
curve "z 1 ') 


5. Ambient temperature 

6 . Internal pressure: 400 p: 


it for leak or failure determination 


B. 


test apparatus 

L Single end holding fixture for a boss type specimen 

2 . Simple beam type 

3 . Vibration table mount for fixture: 2 axis 


e holding fixture for union type specimens 


4 . Automatic vibration exciter system 

5. Vibration pickups and accelerometers 


C. 


TEST PROCEDURES 

Mount one each ms. specimen on simple beam type- holding 
fixture (supported each end). 

3 Install vibration and accelerometer pickups on test specimen 

and pressurise to 400-psi using nitrogen. 


VIJWATION 


IsSt' (Coni' d) 


, .. v.-ducx-rl level by. aw ■••ping lVlXOU,:h 

Start > onuMUt r^am.U - t P on:in t- Ireqm-nc ms 

, iu . « u «ctruw for detain- >tnon ->i in 

jf the test article. 

Uotatc th , T; » 

— 1 in " aeh 

Perform resonance dweH by 

frequencies. * “ u more than one entire, 

minute s on “^c dwell must be conducted for 

frequency exists, raaonane 

each. 

Vibrato the test specimen £“*^ h *^o«cy range, and 

M1L .STD.810B The ^"^^mlcally in accor- 
be swept over the spe. ” , fveq uency band in 

dance with Figure 514. 1-1 usm b 

Table 5 14. 1 -IX. 
renewing completion o, the 

tost article is lo be removed . ■ ^ ■ „ ga m„ E , 

^ t ^o^l^c S d rm:;ir ^ccer .1 tbe results. 

U no resonance tr^oncy can be ^erndned lor ^ 




Sci r ch 
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)j( ) ; r A irt-r u : :xui; i , w rr i _s / jj j v a ta i h: v kj.op m] ' j ; ' t 

The: rotary. he ;nn method of tmiting will be used IhrougbouLthi h . 
test. pi ogram fur the flexure test and ()ev(>lopmi v n.t uf »S/ In 1 charricloristie 
fatigue life curvcn, This is by far the most stringent test conducted in 
this program, and is considered by some to be the most useful in deter- 
mining worthwhile data l'or thc-desi gnex\ Therefore considerable effort 
has boon made to perform the tests in the most repetitive manner possible - 
by the most simple, and efficient machine designp..b-y...siandard procedures 
which are easily followed. 

Generally the recommendations found in ARP1185 (proposed) were, 
used as guidelines in performance of the test. The test facility is shown 
schematically in Figure 15 and as can be seen, the specimen is clamped 
in a manner which will permit flexure of the entire union joint assembly. 

Since the original work statement stipulated that uniom-type fittings would be 
tested, a. change from the test set-up recommended in ARP1185 was necessary, 

The actual test fitting envelope, with regard to this test program, is 
defined as the fitting itself and the portion of tubing on either Side within one 
diameter of the tube /fitting interface. In the case of a butt welded separable 
fitting the tube /fitting interface would be-at the weld on either, side of the actual 
joint portion, of the fitting. With respect to a permanent braze-type union, 
the interface would ho the edges on either . end of the fitting. 

The strain gage used, in determining the bending stress applied to the 
fitting envelope is located 1/&11 from the tubc/union interface on the clamp 
side of the fitting. The specimen is clamped at a point which is equal to 
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1 ~ 1 /?. 'lulu* diamclcr distance from the tube/fitling interface, This was 

dote nniJK-cl as being .1 lie- optimum point to grip the tube* rigidly .with the 
minimum of strain effect on lire gage- caused by the clamping- forces. 

The tubing directly underneath tho-edge of the clamp bushing was 
Spiral ..wrapped with, a 2-inii thick TFE tape to reduce chaffing of the tube 
which may precipitate premature tube failures. The edge of the bushing 
I. D. was also rounded to prevent a high stress riser. 

During the initial equipment "shake-down" tests, two uniaxial strain 
gages w’ere mounted at 90° apart on the trial test specimens for determination—, 
of bending stress levels and alignment. —Since installation procedures allow 
the te-st specimen assembly to seek its own alignment and true zero 
by loosening of the swivel base tailstock and retightening while the 
drive motor is running, only one strain gage was needed to determine 
static stress levels on all subsequent test runs. Dynamic stress level 
correction factors required because of the inherent forces produced by 

the-machinc were determined at each position during trial tests with the 

aid of an oscilloscope, and checked periodically during the test program. 





Pur for mimed: Evaluation Te st-blu, I 4 


J 1 0 'J.'A l \ y F 1 ,E XII R E- TES T 

(For.*304-1/8H, Anne o /. I 6-9 ,S. S. and Xi -3AJ -2. 6 V Tubing) 
(HeU-renro:. Mi L-F- 1 H280C , ARP-UiJS) 


TEST PARA M ETERS 

1. Test Pressure (psig): 4,000 ±25 (Type 1) 

3, 000 125 (Type .11) 

400 4:10 (Type J and II, zero pressure) 

2. Test Temperature (°F): -65°F ±10: H450°F ±10°; Room Temp. 

(Type 1) 

- 65°'F ±10; -1-275 °F ±10°; Room Temp. 

(Type II). 

3. Tempe rature /Pre ssure Combinations: Any combination of 

temperatures and pressures. noted for Type I or Type 11 
fittings may be used to develop rotary flexure /fatigue S-M 
curve s . 

4. Number of rotations: 10^ (two specimens minimum) 

5. Rotation Rate: 3,000 ±150 rpm 

6. Rotary Bending Stress: That which is. required to develop an 

acceptable S-N curve with at least two points beyond 10'. 

7. Pressurizing Media: Chevron M2V hydraulic fluid or 

equivalen for high temperature tests - water, tor room 
temperature tests. 


TEST APPARATUS 

1. Environmental chamber 

2. Rotary flexure test machine 

3. Hydraulic pressure pump, 6,000 psig output pressure 

4. Arnes dial gage,. 0. 001 - inch graduations 

5. Bourdon- type pressure gage, 0-6,000 psig 

6. Oscilloscope 

7. Temperature controller 

8. Temperature recorder 

9. Calibration equipment as required for above instruments. 


TEST PROCEDURES 

1, At location. "A" on. the rotary flexure specimdn(s) (see Fig. 14) 
affix a single element strain gage (Mirro-Mcasuremeiit Tvt>e 
EA- 06- 062ED- 1 20 (-6 specimen) or FA-06- 125AU- 1 20 (-10 
and -16 specimen), The ...gage grid axis must parallel the 
specimen axis. Also spiral-wrap the 2" long portion of the 


ROTARY FLKXURK (Cnni'd) 
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.spccinuMi which will be within the front pari of the brasu 
clamp buahinjj; with 1 wide teflon, tape norma Hy -^ed 
for- seal ing pipe thitccuhs, This is done, to prevent chaffing 
of the tubing- under the al, imp bushing. 

With the aid of a diaLgaee, adjust the loading head coJlet 
(Fig, 14). so that the Wobble bearing housing is near zero 
eccentricity (variation should not exceed , 004 Till - Total 
Indicator Reading), at. each test station on the flexure 
machine. 

3, Loosely cradle each specimen in its respective brass clamp 
bushings on the lower half of the specimen support, and 
insert the load pin .into the wobble bearing. Position the 
specimen longitudinally so that the edge of the union envelope 
(m some cases the buttweld , between ntting stub ana tubing), 
is 1.5 tubing diameter distance from the edge of the damp 
bushing, and has a space of 3/8 n bo tween the specimen end 
cap and wobble bearing housing (Figure 14), Orient the 
specimen so that the strain gage (Location A) is the upper- 
most part of the specimen, to facilitate subsequent application 
of the bending load. 

4, Connect all strain gages to the balancing and conditioning 
circuits, balance and zero the individual strain gages. 

5, Lower the upper half of the specimen support into position 
and tighten all bolts to a snug tightness being careful not 

to exceed a clamping strain of 200 u-in/in on each specimen, 
(Normally snag tightness produces slightly mo re /less than 
100 u in/.in strain). Excessive strain requires insDcclio a 
of the clamp fixtures and specimen to determine cause, which 
must be eliminated, if possible before re installation, 

6, Loosen the alignment bolt to the orbital bare of the lower 
half oi the specimen support, allow the drive motor to lun 
br jelly, and l etighten the alignment bolt while motor is 

running. This process should settle the entire assembly 

(loading head, test specimen, and specimen support), to 

as near a perfect alignment as possible. Check that all 
bolts are tightened securely. 

7, Disregard strains due to foregoing installation procedure, 
and again balance strain gage output to a null (zero) position. 
This will be the test zero position. 
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ROTARY FLftXUUK (Con I'd) 


8 . 


9. 


10 . 


11 . 


Rotate the loading-head through one complete revolution, . 
noting and r»: cor dim 1 , ac the bearing homr :;g revolves, any 
departure of strain from. the -test zcro.otn ainedin Stop 7„. 

Any. variation of + 5 U in. /in. requires, special analysis of 
the cause and subsequent dispensation. 

Rotate the loading bead so that the axis ol loading is vertical., 
in line with the strain page oil the snccimen. and the adjust- 
merit screw "A" is topside. Retract adjustment screw "13" and 
advance screw "A'' until . the desired strain reading as obtained. 
Religion adjustment screw "13". (Note: with the aid of a 

dial gage, record the tinai displacement of the specimen, by- 
positioning, the dial shaft on the hex portion of the cep at the 
pin end of the specimen during the loading process. ) 

Slowly rotate the loading head through two or three revolutions 
noting with each turn the maximum and minimum strain vaucs. 
These values should be relatively equal in magnitude (within 
50 min/in. ) and opposite in sign. If not, reduce the cantilevered 
load, remove the specimen from the machine, and it no other 
cause is found, replace old strain gage with a new gage and 
repeat steps 3 through 10. Record these test strain values. 
(Note: Dynamic strains are calculated on the test log using a 

correction factor of 1. 1 which was determined by preliminary 
tests conducted with the aid of an. oscilloscope. ) 

Repeat Steps 3 through 10 for all stations in which a specimen 
is to be tested. 


12. Record timer setting for each test position and check operation 
of each pressure shut-in switch. Secure the test machine 
making certain all protective guards are in place. Introduce 
required pressure^ and check- for leaks. Raise temperature to 
level as required by test and allow to stabilize,.... (Note: During 

increase in temperature, periodic venting of- pressure must 
take place to prevent overpressurization o£_the test specimen. ) 


* Refer, to sequence testing chart for required pressures end temperatures. 

MS fitting? will u. •' 273°r t • •n,n ! .'r.,tu n ami 3,000 psig pressure. /.»ro pres- 
sure tests will use 400 psig pressure. 
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ROTARY FLEXURE (Cont'd) 


13 , 


Start each test position, and observe the operation visually unt' 
it is apparent that the teat specimens ai.d all componmn : a re 
performing as intended. Daring me subsequent test p.-nou 
pressures in each specimen should be monitored and controlled 
at the levels required by the particular lost. Tills can be accent 
pUshed by periodic manual ventina. of excess pressure buildup:- 
, . i / • • . _ * \ ruiteoH v \ ) i fit'. xu re cycles. 


14. Failure of any specimen will automatically stop 1 mt test 

machine. If failure occurs, record the number of cycles com- 
pleted and calculate the time under lesfto the point where 
stoppage occurred. (Note.: Machine speed = 3, Out) rpm. ) 

Enter pertinent data in the test log with apparent reason mr 
failure. 

15-, The recording of the final displacement on the head stool: is 

important becaus e once the machine starts running, reliuoilitv 
of the strain gages reduces with the number, of cycles, iuere- 
fore, any check ior stress must be correlated by displacement. 

16. Upon completion of 10 7 rotary cycles, shut off the test machine - 
and reduce the chamber temperature. Remove specimens and 
inspect the test fittings for damage, deformation er other delete- 
rious effects. Record all pertinent data in the test log and photo- 
graph specimens as required. 

17. In this program, the rotary flexure and rotary flexure fatigue 
data are to bo generated for use in plotting the S-bi curve and 
verifying the endurance-limit, the first tests will bc-conduc.e- 
at three stress levels to establish the general-S-N curve. I rum 
the curve the endurance limit will be determined... The remaining 
tests will be used to eslablish and/or verity the endurance limit. 
All tests will utilize the rotary flexure test method outlined 

in the preceding steps. 







IGURE 15 ROTA 
















ROTARY FLEX HR l:J TEST _ 
l'ur 

LOSS TYPE SI'OPARARU'. KITTING ASSEM 1 . RUTS 
(Reference: Test Procedure for. Unions) 


T EST PAT amf.ters 


Same , 


TEST APPARATUS 

Same, with addition of Items 10 and 11 .as follows (see Fig. H). 

10. Ross adapter: Vendors boss recess to 3/4" pipe (see Fig. Ha). 

11. Extension adapter for clamping in the tail stock and to provide 
installation point for boss adapter (see Fig. 14a). 

TEST PROCEDURES 

1. At location. "A" on the rotary flexure specimen(s) (See Fig. 14a) 
affix a single -element strain gage (Micro-Measurement Type EA- 
06-062ED-120 (-6 specimen) or EA -06- 1 25AD- 1 20 (-10 and - 1*> 
specimen). The gage grid axis must parallel the specimen axis. 

2. With the aid of a -dial gage ..adjust the loading head collet (Fig. 
14a) so that the wobble bearing housing is near zero eccentricity 
(variation should not exceed . 004 OIR- Total Itidicatoi Readingl, 
at each test station .o n . the ..... fl exare .,, xa a c . h . in e , 

3. Loosely cradle the extension adapter portion of the specimen 
in the lower half of the specimen support, and insert the load 
pin .into the wobble bearing. Position of the specimen longitu- 
dinally for a space of 3/8" between the specimen end cap- and 
wobble bearing housing (Fig.. 14a). .Orient the specimen so that 
the- strain gage (Location A) is the uppermost part of Lie speci- 
men, to facilitate subsequent application of the bending load. 

4. Connect all strain gages to the balancing and conditioning circuit: 
balance and zero the individual strain gages. 

5. Lower the upper half -of the specimen support into position in 
the tail stock and tighten all bolts to a snug tightness. 

6. Loosen the alignment belt to the orbital base of the lower half of 
the specimen support, allow the drive motor to run briefly, ami 
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ROTARY FRRX11R.K TKST (Cunl'd) 


relighlen Hit* al i gum on l bolt while* Vnulor is ruuning. This pro- 
cess fihouUI sc lllc the ■entire assembly (landing head, test spec t- 
jn.cn, ami specimen support), to as near a perfect alignment as 
possible. Cheek that ail. bolts are tightened securely— 

7. Disregard strains due. to foregoing installation procedure, and 

again balance strain gage output to a null (x.ero) position, — — 
will bo the test aero position. 

B, Rotate the loading head through one complete revolution, noting 
and. recording as the bearing housing revolves, any departure 
of strain from the test zero obtained in Stop- 7. Any variation 
of ±5^ in. /in. requires special analysis of the cause and subse- 
quent dispensation. 

9. Rotate the loading head so that the axis of loading is vertical, in 

line with the. strain gage on the specimen, and the adjustment, 
screw "A" is topside. Retract adjustment screw "B" and advance 
screw "A." until the desired strain reading is obtained. Retighten 
adjustment screw "B". (Note: with the aid of a dial gage, record 

the final displacement of the specimen by positioning the dial shaft- 
on the hex portion of the cap at the pin end of the specimen during 
the loading process.) 

10. Slowly rotate the loading head through two or three revolutions 
noting with each turn the maximum and minimum strain values. 
These values should be relatively equal in magnitude (within 50 
min/in.) and opposite in sign. If not, reduce the cantilevered 
load, remove the specimen from, the machine, and if no other 
cause is found, replace old strain gage with a new gage and re- 
peat Steps 3 through 10. Record these test strain values. (Note:.. 
Dynamic strains ar e calculated on the test log using a correction 
factor of 1. 1 which was determined by preliminary tests conducted 
with the aid.of.an oscilloscope. ) 

11. Repeat Steps 3 through 10 for all stations in which a specimen is 
to be tested* 

12. Record timer setting for each- test position and check operation of 
each pressure shut-in switch. Secure the test machine making 
certain all protective guards are in place. Introduce required 
pressure- and check for leaks. Raise temperature to level as 


-Refer to sequence testing chart for required 
MS fittings will use 275 e F' temperature and 3 
sure tests will use <100 psig pressure. 


pressures and temper a turn s . 
,000 p sis pressure. Zero pres 
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ROTARY FLEXURE TEST (Cont'd) 


required by lo»t ana allow to .tabtllao. (Note: Durimi ^Wan.. 

in temperature, periodic vonUng-ot procure must Ink.' P*->«>! ' 
prevent over pressurization of the test specimen. ) 

13 Start each test position and observe the operation visually until 
it is apparent that the test specimens and all components are 
performing as intended. During the subsequent test pence , 
pressures in each Specimen should be monitored and controlled, 
at the levels required by the particular test. This can be accon 
plished by periodic manual venting of excess pressure buildups 
due to heating in the specimen caused. by the flexure cycles. 

14 Failure of any specimen will automatically stop that te~t mac ‘ 

If failure occurs, record the number of cycles completed and cal- 
culate the time under test to the point where stoppage occuiie . 
(Note: Machine speed = 3,000 rprm ) Enter pertinent data m the 
test log with apparent reason for.iailure. 

15 The recording of the final displacement on the head stock is im- 
portant because once the machine starts running, reliability of 
the strain gages reduces with the number of cycles. Therefore, 
any check for stress must be correlated by disp-lacemen \ 

16 . Upon completion of 10 7 rotary cycles, shut off the test machine 
and reduce the chamber temperature. Remove specimens an 
inspect the test fittings for damage, deformation or other delete- 
rious effects. Record all pertinent data in the test log and p.ioto- 
graph specimens as required* 

17 In this program, the rotary flexure and rotary flexure fatigue data 
are to be generated for use in plotting the S-N curve and verifying 
the eiidui ancc limit. The first. tests will be conducted at thiee 
stress levels to establish the general S-N curve. From the curve 
the endurance limit will be determined. The remaining tests wi 
be used to establish and/or verify the endurance limu. All tests 
will utilize the rotary flexure test method outlined in the preceding 

steps. 
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VII. T 10 ST SKQUNNCK AND QUANT IT IKS. 
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The liftoon test procedures could require a_largc quantity ol fittings 
unless consideration is given to the maximum utilization of each test speci- 
men for generation of usable data, The Test Sequence Chart shown in 
Figure 3 will be referred to throughout the following discussion by noting the 
roman numeral group number. It is possible to reduce the number of speci- 



mens still further or with the same number of specimens, generate more 
data; especially in arrangement of the gaseous leakage, proof and/or burst 
tests, since results from these tests indicate the degree of degradation 
induced by the previous te.st(s). However, past experience has proven *hat 
the proof and burst test data is not necessarily the more, important. 


The more important, useful and critical tests are considered to be: 

- Rotary Flexure 

Fatigue (Rotary Flexure) f 
Impulse » 

Vibration 

Proof/Burst 



These are listed in order of criticality and for some reason the more 
critical the tests, the more difficult they are to conduct. 

The test sequence was developed by first placing each of. the required 
tests in groups with initial vciification checks or proof pressure or gaseous 
leakage used wherever it was most advantageous. A negative approach Was 
taken with reference to the test Specimens received from the various par- 
ticipants, in that it was assumed that every fitting received would-be bad 
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TABLE 2 


RECOMMENDED MINIMUM TEST SPECIMENS. REQUIRED 
PER TYPE AND GROUP* 


Group I 

Quantity 
Pe rmanent 

0 

Quantity 

Separable 

2- 

Group II 

2 

2 

Group III 

6 

6 

Group IV 

6 • 

6 

Group V 

6 

6 

Group VI 

4 

4 

Group VII 

0 

2 

Group VIII 

3 

3 

Group IX 

3 

3 

Group X 

0 

2 

Group XI 

1 

1 

Group XII 

_0 

_ 2 


Total 31 

39 


Refer to Test Sequence Chart, for Group Numbers _ 


{ 


I 


rather than proof pressure, is recommended for verifi- 
cation of leakage,. If the results- are positive and negative 
a third specimen-is recommended. 

Group II; This is the combined.test of proof and burst pressure on 
a new specimen, A minimum of two specimens is. recon> 
mended,. If -the results are both positive and.negative , a 
third specimen is .recommended. 

Group III These three groups involve rotary flexure /fatigue testing 

Group IV of specimens at the varying combinations of pressure 

Group V and. temperature. Since the S-N curves involve a rather 
broad scatter of data per point, a minimum of three 
specimens per point is recommended. Therefore, a. 
minimum of nine specimens per group should be used to 
establish a reasonable confidence level* Due to the high 
cost of the large number of .specimens in this program, 
only six specimens per group were Used. A minimum 
of two specimens for endurance limit runout to- 10^ is 
de sired. 

Group VI : This group involves the impulse testing which is also con- 

sidered to be a fatigue type test, but with fewer variables, 
A minimum of four specimens is recommended with the 
optimum number selected as six. 

Group VII: This group involves assembly torque and misalignment 

tests and a minimum of two specimens are recommended 
with an optimum number of three. These tests are 
applicable to separable fittings only. A third specimen — 
should be added if the results on two specimens turn 
out to be positive and negative. 

Group VIII: This group involves thermal Shock and stress* cor rosion 
tests. Due to the variables associated with these -tests, 
a minimum. of three- specimens -is recommended. The 
maximum or optimum number is dependent on the degree 
of data scatter from the minimum number. 


Group IX : This group involves the axial pull and tube restraint 

tests wherein the tube restraint tost is applicable to 
separable fittings only. Axial pull test is applicable to 
both permanent and separable type fittings. A minimum 
of two specimens is recommended for these tests. 
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Group X; This group. irtvolvc s the vibration testing of.-sApn ruble 
fittings only, A an ini mum of -two specimens is recoin- 
mended. However, .if one. passes and one fails, a third, 
specimen should be utilised to establish the liuinti. 

Group XI : This groupirtvolvos the fire-restraint-tes-t and. a- minimum 

of one specimen should, be used. Only under extreme 
circumstances should additional specimens be required. 

Group XII; This group involves the structural. load relaxation (creep) 
test applicable to separable fittings only, and a. minimum 
of two Specimens is required,. A third specimen is recom- 
mended if the results arc positive and negative. 

The test specimens should be accompanied by sufficient' dc sign detail 
to permit adequate analysis of any failures. Details of assembly methods, 
procedures, and equipment should also accompany the test specimens since 
these factors have a bearing on the tests as well as failure analysis. 

The . quantities discussed are applicable to one tube /fitting configura- 
tion and/or size only. The quantity for separable fittings and for permanent 
fittings of one size and one type of tubing are noted in Table 2. A change in 
size requires a similar quantity. A change in tubing specifications requires 
a similar quantity. For example: 

(a) A permanent fitting (union) design wi*h plans to test one size: 
Requires 31 x (1) =31 specimens (minimum) 

(b) If two types of tubing are to be qualified with the fittings: 

31 x 2 = 62 specimens 

(c) - If four sizes of fittings with two types of tubing are selected to 

present a typical cross-section of fittings to be produced: 

62 x 4 = 248 Specimens 

(d) If item (a) is a separable fitting (union) design with plans to 
test one size: 

Requires 39 x (1) = 39 specimens (minimum) 


I 

l 

l 


T 


(o) If item (b) is a separable filling to bo Qualified with two types 
of tubing, the test specimens required are: 

39x2 f. Z8_Specimens. (minimum) 

(f) If item (c) is a separable, fitting and it is desired to test four 
sizes. With two typ6.s of tubing as representative samples of 
the total cross-section of fittings to be produced: 

78x4 = 312 specimens (minimum) 

If both permanent and separable fittings are to be qualified, then the 

various quantities would be additive: ... 

a + d = 70 specimens (minimum) 
b + e = 140 Specimens (minimum) 
c + f = 560 specimens (minimum) 

As can be seen, the quantity of fittings increases significantly when, a. 1 
parameters involved are included to properly qualify a new design. 
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VIII. TEST EQUIPMENT 


i 


During lho....re view of many rofe rcncd documents listed for use -with 

a particular test, it was noted that the specifications (directly or indirectly) 
related to the required test equipment were cither obsolete, inadequate or 
pertained primarily to tests for lower operating pressure type systems. 
Therefore, throughout this program, the documents noted in the RFQ were ... 
used as a guide for reference only and the SwRI Test Procedures and Test 
Sequences along with the Test Equipment were developed in order to produce 
more meaningful tests and test results using standard equipment/proccdures 
where possible, thereby resulting in more repeatable data. 

The equipment noted for each test procedure was developed in close 
coordination with the Design of the Test Specimens, Development of Test 

Procedures and Test Sequences, because each is interdependent on the 

other. Industry was also canvassed as. to their "current!' equipment and its 
applicability to the new 4, 000 psi fitting requirement. One of the greatest 
problems voiced by industry was the many documents, containing many 
general requirements, currently in use for testing of tubing /fitting 
assemblies. Many of these documents are overlapping and a test facility 
need use only the one they feel fits their test or product to the best advantage. 
ARP 1185 (proposed) and ARP 1055 (being revised) arc the two most direct 
and detailed tube testing specifications, bvit these too must have changes 
made to meet the up-to-date industry .requirements . The equipment 


1 7.3. 


do signed by SwRI for this test program .is pro seated in t bo form of drawings 
as an- attachment to the previously discussed Test Procedures, .The follow- 
ing corrtmcnts are made to. aid those who desire to fabricate their test equip- 
ment. 

The repeated assembly test requires a suitable holding fixture attached 
to a solid base because of the high torque valves required for the -12 a nd 
larger fittings. A_large smooth jaw vise is satisfactory if properly anchored. 
A calibrated torque wrench is required for each range of torque loads. 

Care must be exercised to insure that no lubrication exists on the threads 
or mating surfaces that will lead to an erroneous reading or a faulty seal. 

The gaseous leakage test requires a "master leak-rate calibrator" 
if a mass spectrometer type leak detector is used, such as a Vcclo 90A. 

Tests have proven that the gaseous leakage, test, using the Vceco leak 
detector, produce superior results when compared. to a proof pressure 
test with oil. as the pressurizing media. For this reason, Some of the 
"check" type operations before and/or after a test were changed to gaseous 

leakage rather than use of proof pressure. The other important factor - 

in a gaseous leakage test is a small isolation chamber to surround the test 
fitting assembly. This chamber must also be used in the calibration. 

The entire gaseous leakage test depends on the operators ability to obtain 
a repeatable calibration. The gaseous leakage test is to be used as a 
"test" (Gbj)* on a new fitting or as a verification (G-Lyi* check before 

*See Figure 3 


and a ft or other, teats to detect deterioration in the fitting /tubing assembly 


as a result <7 the Specific tost, 
leakage" is defined aS .a leakage 


For the purpose of those tests, "no 
rate of. 1, 0 X 10” 3 soc/s.ec or less. 


The Proof Pressure Tost is applied as both a specific test on a new 
fitting (see combined proof and burst pressure test) or as a verification 
check before and after a specific test to determine if any detc rioration 
resulted during the test, (See Gaseous Leakage Test) 

The Burst Pressure Test is a destructive burst pressure test 
applied as both a specific test on a new fitting (see.. Combined Proof and 
Burst Pressure Test) or as a verification final check following a designated 


test to determine if any deterioration resulted from the test. In this 

manner, the degree of dama ge from each test can be assessed. Since tbc 

burst test is a destructive terminal test, it must be programmed accordingly. 
The same test chamber, if properly designed, can accommodate the gaseous 
leakage, proof and burst tests. Also, the chamber design and use may 
be combined with the impulse test requirements as shown in the test 
procedures. 

The Impulse Test machine (Ref. ..MIL- F- 18280C) has been subjected 
to considerable discussion lately due to the s-hape of the impulse curve versus 
the input pressure rise time or rate. According to the requirements of 
MIL- F- 18280C, the pressure rise rate should be 180,000 psi/sec which 
produces a near vertical lino with a sharp drop-off. This is also discussed 
in the section on Test Procedures. SwRXp refers the lower rise rate with a 


longin' dwell time at: the peak-pros Sure followed by a controlled drop-off, 
A-pumpj accumulator, intensifier, four -way valve and cyclic timer can 
easily produce .the slower pressure rise rate to insure a longer duration 
peak pulse and therefore more energy at peak pressure into the test Speci- 
men. The pressure pulse trace can be obtained by using a visicorder or an 

oScilloscepe photographic trace from the pressure transducer output. 

The Rotary Flexure Test apparatus fabricated in accordance with 
the proposed ARP 1185 imposes some problems with test specimens because 
the majority of specimens (permanent or separable) arc not perfectly straight. 
Therefore, when the zero referencebar is used to set The zero axisfrom 
the headstock to-thc tailstock, a perfectly true assembly should check out 
with the same accuracy. If the orbital base on the tailstock is adjusted to 
zero Strain on both Strain gages (located 90° apart) with zero displacement 
of the eccentric headstock, then a-large difference in Stress exists, when the 
headstock eccentric is displaced for load, .. Caution Shoul ri .- b e exercised in 
fabricating the test specimens to insure linearity in the tube axis. Another 
problem area is the self^aligning bearing in the eccentric headstock. wherein 
it is difficult to locate, a heavy duty small size bearing that will do.the job 
and last more than one run. Fittings such as unions should be tested with 
the complete assembly intact and the bosses should -be tested as bosses 
with one -half anchored Solidly to the tailstock. The strain gages should be 
located in the highest stressed area. The environmental chamber should 
be designed to encompass only the test fitting if possible and keep the 


m 


remainder of the test apparatus in the room temperature environment. 

A. larger self-aligning bearing can be used if size is of no importance. 

The Assembly Torque and Misalignment Fixture utilized for separable 
fittings only, can be designed to serve a dual purpose since in both tests, 
one end of the specimen needs restraining and the pivot axis needs to be 
at the fittin g j oint. The length of the test specimen on the longer side where 
the misalignment is to be measured, determines the basic dimensions of 
the fixture., The misalignment offset scale should be marked in one-half 
degree increments. This fixture must also be securely anchored to a solid 
base because of the high torque values that must be applied to the assembly 
torque test. Proper strain gage installation and orientation as well as 
instrumentation readout is the. key to good data on the torque test. 

The Tube Restraint and Axial Pull fixture are identical,, therefore 
the tests can be accomplished in the same setup in the tensile test machine. 
The one predominant factor is the problem of gripping the tube without 
slippage in order to reach tensile forces great enouch to fail the tube or the 
fitting. An internal expanding sleeve helped solve the problem on the 21-6-9 
and Titanium because the tube wall had a tendency to collapse at the higher 
loads required for the 21-h»9 and Titanium. The tapered grips and the. 
tube end to fit into the grips both are sandblasted to obtain a higher friction 
coefficient. The tensile loads we re app lied with a 2000, 000-lb BLH tensile 
test machine. The objective of this test is to prove the tensile strength 
and integrity of .the tubing /fitting /joint* 
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The Thermal Shock Test util.jy.es the maximum and minimum tem=_ 
peratures to induce thermal sho.ck in the test specimen. Both air shock 
and liquid shock are imposed by utilizing a hot and cold chamber alternately 
for the air shock followed by alternately filling of the tube with liquid at both 
temperature extremes under a minimum, pres sure. No special apparatus 
is required for these two shock tests. A separate oven and cold chamber are 
used to obtain the maximum shock rather than use a combination unit. Alcohol 
and dry ice are used for the low temperature liquid and hot oil is used for 
the high temperature liquid. Extreme caution must be used in handling 
both liquids and applying pressure to the test specimen. 

The Immersion type Stress Corrosion Test apparatus is depicted in 
the test prov edures, wherein the specimens are held rigid with induced..... 
bending while the pan of salt water raises and lowers to permit alternately 
dipping and drying at the prescribed temperatures. A reserve salt water 
tank is required to permit replenishment of the solution as it evaporates 
while operating at the elevated temperatures. Circulating fans Were added- 
to the chamber to speed up the drying process thereby necessitating a 
ventilating stack. The fixture is designed to preload the specimens to 
a predetermined stress. Strain gages can be installed to measure the 
strain. 

The design and operation of the Fire Resistant Test Apparatus 
required many changes from ARP 1055 which is now undergoing a revision 
study.. A propane burnef was used With its standard nozzle and did not 
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require a special nozzle. The problem in design of this test apparatus is 

the various seals throughout the system that cannot operate at the elevated - - 

temperature with the 4,000 psi pump presenting the largest problem. 

Therefore, a heat exchanger was added in the system just ahead of the 

pump with a heater installed just before the fluid reaches the test specimen 

in order to obtain the fluid inlet temperature of 200-230°F. The heat rise J 

i 

across the test specimen while in the 2, 000°F flame will permit the down- j 

stream temperature to. keep climbing during the five -minute, test period..,, ! 

Safety precautions used during these tests include a closed circuit TV j 

monitor camera and a complete set of remote controls. The test setup ^ 

is contained in a fire -proof /explosion-proof test cell. ] 

The Structural Load Relaxation Test is commonly referred to as a j 

"creep test" and is applicable only to separable fittings. The test apparatus | 

consists of an environmental chamber to be Set at 450°F with an internal 

i 

fixture that is capable of holding the test specimen on one end and pre- j 

loading (tension) mechanism on the other end. The initial strain is set j 

after the tubes are conditioned in the chamber and the strain gages arc - 

monitored periodically to determine the amount of load relaxation caused 

j 

by temperature and/or load or fitting /j amt relaxation. The chamber and 
fixture permit pressurization of the f itt ing 3 ,to...l.QQ...p si in order to detect 
a specimen failure. 

The Vibration Test is conducted in accordance with Mil. -STD-8 1 OB , 

Section 514, using a standard vibration exciter. The method of mounting 

I 

J 

i 
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the test specimen bn the shake tabic is a, point that differs from one facility 
to another. There are two basic methods of mounting the specimen: 

- Cantile-ver 

Two-point suspension (each end) 

The major portion of industry conducts vibration tests on fittings using the 
cantilever method, and this same method is used.inihis series of tests on 
bosses only. The Institute feels that the cantilever test method is more 
applicable to the boss or terminating type fittings and the two-point suspen- 
sion method more representative of in-line type fittings in an aircraft, such 
as unions, tees, elbows or crosses. If the . shake table has a small capacity, 
use of the cantilever method may require the fabrication of a balanced type 
fixture that permits two specimens placed opposite each other. One Specimen 
could be a dummy used for balance only. The pressurization system should 
be designed as lightweight as possible to prevent overloading the shaker table 
capacity. The unions in this program were tested using the two^point-aupport 
system, with rigid hard mounts throughout. The bosses were tested using 
the- cantilever method on a single mount. 
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IX. TEST SPECIMEN DESIGN 

The twelve groups listed iruthe test sequence require a different 
length or configuration of test speci men fo r each group in order to con- 
serve test tubing. The. primary reason for the many different designs 
relates to the type of data to be retrieved in each test versus the minimum 
length of tubing required for each test. Now that all of the equipment is 
designed and the specimen tests completed, it is obvious that by judicious 
design, two or three different sizes of test specimens could possibly suffice 
for all tests by wasting some tubing, A review of the test sequence chart 
provides some typical examples of the problems related to test s pecimen 
design as discussed in the following paragraphs. 

Any size fitting could be used for the repeated assembly test. How- 
ever, all liftings that are to receive a gaseous leakage test, proof pressure 
test and/or burst pressure test must be of such dimens ions-to-po rmit 
installation in each of the required test chambers. 

The length of the rotary flexure /fatigue test specimens is proportional 
to the spacing of the headstock and tailstock as Well as *hc degree o; 'Eccen- 
tricity available in the head stock. If the spacing can be varied, the speci- 
men length could be varied With diameter. Figure 3 of proposed ARP 1185 
notes three types of test specimen setups for the rotary flexure machine 
and it is Suggested that the drawings of ARP 1185 he changed as noted in 
Figure 3 to designate the difference between a test for "in-line fittings" - 
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contained in the test whereas the method of testing noted in ARP 1 IKS would 
be applicable only: to syjnmet rical in-line fittings because only one-hall of 
the fitting- is in the test. Distinction must be made between testing the lil- 
ting/tubing assembly or testing the interface, whether it be welded, brazed, 
swaged,, or shrink type. If only the interface for permanent joints is 
undergoing te sts , then the drawings shown in ARP 1185, Figure 3, are 
applicable. However, the method of attachment at the fixed-end is_apen 
for questioning because if the MS fitting is used to hold the end, it is already 
known that the .MS fitting is inferior to the advance fittings being tested. 
Therefore, since the MS fitting is located at the highest stress point, it __ 
will fail first. SwRI prefers to use the more realistic method of testing a 
permanent fitting by clamping the tuoe to simulate e clamp or damp block 
at a rigid point. Figure 2 of ARP 1185 illustrates an acceptable installation 
for testing boss-type fittings which requires a fixed-end separable fitting 
attachment. . There are.no drawings indicating how to sot up separable joints 
for the rotary flexure test in ARP 11,85. 

A separable fitting, unless.it is a boss, is normally used at a junction 
unless there is reason for a separable joint in a span or long run for assembly, 
oroduction or maintenance reasons. Therefore, it would be more logical to 
test a separable fitting in its entirety by clamping, the.. t.ub.e_and testing the 
complete union with all interfaces and tubing each side, by supporting as 
indicated by the SwRI design. The length of the specimen can be varied 
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as required to fit the 4 equipment providing sufficient displacement is available 
to obtain the required stress at the strain gage location.. 

The design of the test specimen for the Impulse Test parallels that 
of the Proof Pressure Test, Burst Pressure Test or Gaseous Leakage Test 
because the same chamber and manifold design is used for all four tests. 
Therefore, the test specimens would necessarily be the same length 
and/or design. 

The Assembly Torque and Misalignment Test could be the same 
length as other selected specimens except that it was determined that the 
Misalignment Test half of the tube assembly should approach the average 
frame spacing in an aim raft and permit the tube a Small degree of dcflec* 
tion rather than be comp letely rigid. 

The Stress Corrosion and Thermal Shock test specimen design once 

again is a function of the fixture design that holds and pxeloads the assembly. 
Also, the larger the Specimen, the larger the fixture and the larger the 
immersible tank system. Therefore, an optimum size specimen design was 
selected. This test specimen can be of any s ; ze that could be compatible 
with other si/:es in orderdo develop a standard set of test specimens. 

The Axial Pull and Tube Restraint Test specimen is loaded in tension - 
for both tests. The tensile load is applied by the BLH tensile load test 
machine for both tests and the same set of end grips are used for both tests. 

Once again the specimen length is not critical and could be made to match 
other sizes as long as it will fit the tensile test machine that is available. 



The length of the Vibration Test specimens, is ...appl icable to separable 
fittings only and was computed to furnish- the optimum vibration spectrum; 
ho wove r , due to the range of frequencies involved, several lengths could 
be used, except the n g M loading becomes excessive in the longer specimens. 
The lengths specified herein furnished excellent data and if correctable 
results are desired these lengths should be used. Also, the. type ofdiolding 
fixture and pressurization system for the shaker table setup will affect the 
overall length of the specimen. The facility that accomplishes the vibration 
test should be consulted before designing the test specimen. 

The Fire Resistance Test specimen is designed to fit the fire test 
apparatus which has certain requirements that necessitates a long specimen 
as can be seen from the test procedure schematic drawings. It is not likely 
that the length of this test specimen would match any others. 

The Structural Load Relaxation Test specimen is applicable to 
separable fittings only and is designed to meet the fixture dimensions. 

The fixture dimensions can be designed to any specimen size desired, but 
the .number of test positions. would probably dictate the size of the environ- 
mental chamber. 

Two critical items common to many of . the test specimens are the 
method x>f clamping and holding or supporting the specimens for longitudinal 
loads and the type of end-fittings to be utilized for the tests that require 

high .pressure. For tensile tests, the tubing can-be most efficiently clamped 

by using tape red- jaw blocks with an expanding internal plug to keep the tube 
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walls from collapsiag, The rotary flexure, asstmMdy torque- and misalign- 
ments and -vibration tests can utilise Adapter bushings so that one clamp 
block will suffice. The problem of and fittings becomes rather costly if 
the same test fitting is used in the middle as a specimen and on the ends 
of the test specimen. Also, these fittings usually need to be adaptable for 
a pressure inlet or be used as a cap or plug. The most critical test is burst 
pressure followed by impulse and rotary flexure. Several standard swage 
type end fittings are available on the market and will usually suffice for 
some portions of the tests. For the critical tests noted above, special 
fittings will have to be installed. In other words, the end fittings have to 
be as good (or better) than the test fitting. Satisfactory results were obtained 
by using the Swagelok end fittings on the 304 1/8 H tube and using Harrison 
HMS fittings throughout on the 21-6-9 and Titanium tubing for the higher 
pressure specimens. 

Table 3 presents the summary of test specimen assembly sizes and 
lengths for permanent fittings as used in this program. Table 3 also 
presents the summary of test specimen assembly sizes and lengths for 
separable fittings as used in this program. Tabic 4 presents the summary 
of~le-st~specimen sizes ana lengths for boss type test spe cimens as. used in 
this program. 



it Sequence 

A 

B 

Assy' s . 

A 

B 

-6 Size : 

I, II, VI 

14-3/4 

7-3/8 

8 - 

14-3/4 

7-3/8 

III, IV, V 

18-1/4 

5-3/4 

18 

18-1/4 

5-3/4 

VII 

18-1/2 

5-1/2 

2 



VIII 

12-1/4 . 

4-1/2 

3 

12-1/4 

4-1/2 

IX 

23-1/4 

11/5/8 

2 

23-1/4 

11-5/8 

X 

11 

5-1/-2 

2 



XI 

17-1/4 

8-5/8 

2 

17-1/4 

8-5/8 

XII 

14-1/4 

7-1/8 

2 



- 1 0 Size : 






I. II, VI 

15 

7-1/2 

8 

1 5 

7-1/2 

III, IV. V. 

18-3/4 

7-1/2 

18 

18-3/4 

7- 1 /2 

VII 

19-1/4 

5-3/4 

2 



VIII 

12-1/2 

4-1/2 

. 3 

12-1/2 

4-1/2 

IX 

24 

12 

2 

24 

12 

X 

13 

6-1/2 

2 



XI 

17-1/2 

8-3/4 

2 

17-1/2 

8-3/., 

XII 

15 

7-1/2 

2 



- 16 Size: 






I. II. VI 

15 

7-1/2 

8 

15 

7-1/2 

III. IV V 

18-3/4 

9-1/2 

18 

18-3/4 

9,1/2 

VII 

19-3/4 

5-3/4 - 

2 



VIII 

12-3/4. 

4-1/2 

3 

12-3/4 

4-1/2 

IX 

24-1/2 

12-1/4 

2 

24-1/2 

12- 1 / 4 

X 

15 

7-1/2 

2 



XI 

18-1/2 

9-1/4 

2 

18-1/2 

9- 1 / 4 

xu_ 

15-1/2 

7-3/4 

2 
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TABLE 4 _ 

TYPICAL SIZES FOR BOSS TYPE FITTING TEST SPECIMENS 


boss 

fitting 



Test 

Type 

Tube 

Type 

Length 

No. 

Sequence 

Tubing 

Size 

Fitting 

"A" 

Req'd, 





I, H, VI 

titanium 

-6 

boss 

7 

8 

III, IV, v 

titanium 

-6 

boss 

7-1/2 

18 

VII 

titanium 

-6 

boss 

13-1/2 

2 

VIII 

titanium 

-6 

boss 

11-3/4 

3 

IX 

titanium 

-6 

boss- 

11-3/8 

2 

X 

titanium 

-6 

boss 

4-1/2 

2 

XI 

titanium 

-6 

boss 

8-1/2 

2 

XII 

titanium 

-6 ... 

boss 

7 

2 

~1, II, VI 

titanium 

-10 

boss 

7-1/4 

8 

III, IV, V 

titanium 

- 10 

boss 

9-1/2 

18 

VII 

titanium 

- 10 

boss 

13-1/2 

2_ 

VIII 

titanium 

- 10- 

boss 

11-7/8 

3 

IX 

titanium 

-10 

boss 

11-3/4 

2 

X 

titanium 

-10 

boss 

5 

2 

XI 

titanium 

- 10 

boss 

8-1/2 

2 

XII 

titanium 

-10 

boss 

7-1/4 

2 

I. II. VI 

titanium 

- 16. 

boss 

7-3/8- 

8 

III. IV, V 

titanium 

-16 

boss 

12 _ 

18 

VII 

titanium 

-16 

boss 

13-1/2 

2 

VIII 

titanium 

-16 

bos^ 

12-17.4 

3 

IX 

titanium 

-16 

boss 

11-7/8 

•> 

X 

titanium 

-L6 

boss 

6-5/8 

2 

XI 

titanium 

-16 

boss 

8-7/8 

2 

XII 

titanium 

-16 

boss 

7-3/8 

2 
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X. TEST TUBING 

The p-rftgrLira is divided into the following sections with respect to 
the tubing. to be tested; * 

3Q4 X/8 hard CRES (used with MS fittings only) (MIL- T- 6845) 

Armco 21-6-9 CRES (BMS-7-185 or DMS- 1944B) .. 

3A1-2, 5V Titanium (BMS-7-234 Rev* A.) 

The. required -wall thicknesses for the test specimens of three types 
of tubing were computed based on the available mechanical p rope rtic s~and 
then the nearest standard wall thickness was selected. The tubing.. manu- 
facturers will produce the tubing wall thickness to any specification desired, 
however SwRI preferred to use nominal standards as used in the past* 

Table 5 presents the computed and selected wall thicknesses. 

The 304 1 /8 H CRES tubing (MIL-T-6845) is listed as a Class II tubing 
and._was-.uscd with MS flareless separable type fittings only as baseline data. 
The as semblios, re ceived the full sequence of tests for separable fittings. 

NDI processing was not applied to the 304 1 /8 H Class II tubing because the 
reliability factor is so high on this type of tubing after the many years of 
production. The 304 1/8 H CRESdubing was ordered to the MIL-T-6845 
specifications* 

The Armco 21-6-9 CRES tubing is listed as a Class I tubing and 
was assembled/tested with both permanent and separable type fittings of 
various. designs as. well as bosses* The two types oLfitting /tubing assemblies 
received the full sequence of tests scheduled for each category. The 2] *0~9 


TABLE 6 


TEST TUBING WALL THICKNESSES (NOMINAL) 


304 1/8 hard CRES 
Arrrico 21-6-9 CRES 
3 Al-2. 5 V Titanium 


-6 -10 


024." 

. 041 

024 

. 040 


. 027/. 030 


-16 
. 065" 
. 064 


. 045/. 050 


. 072/. 080 


J89 

tubing received two NDI's; one at the Bishop Tube Company and one at 
SwRI to verify the absence of flaws nr defects as required by the specification. 
The 21-6-9 tubing was ordered to either the Boeing or Douglas Specifications 
13 MS -7 - .18 5 . or D MS- 194413. 

The SAL-2.. 5V titanium tubing was listed as a Class I tubing and was 
assembled/tested with both permanent and separable fittings of various 
designs. The two types of fitting /tubing assemblies received the full 
sequence of tests -scheduled for each category. The 3AL-2. 5V tubing 

received the same two ultrasonic inspections (NDI) that the 21-6-9 tub- - 

ing received; one at Bishop Tube Company and one at SwRI. The tubing, 
failures are inspected for .the presence of flaws that were not picked up 
during the ultrasonic inspection. The 3AL-2. 5V Ti tubing was ordered to 
the Boeing Specification BMS-7-234, Revision A. 

Tubing NDI 

The 21-6-9 and the 3AL-2. 5V tubing was inspected by the tubing 
manufacturer using ultrasonic equipment setup to handle twenty-foet tubing 
lengths. Recent developments by the transducer manufacturer has significantly 
advanced the state-of-the-art and the only problem is the fabrication of the 
processing facility as explained in the following paragraphs. 

The^ltrasonic. inspection of the tubing was performed using a 

system whe reby.tha. tube is immersed- in...water, then rotated while the 

transducer is moved along a track parallel to the tube axis. The equip- 
ment required to perform the inspection via method two consists of an 


Automation Rcflectoscopo UM.-?21 with pulsd - rtScoivo r unit 10 sell)-, and 
a fa. ' '.ransigate plug-in unit, .used with a type J, FM 10 Mhz SIZ medium 
focus transducer ,1 /2" diameter. This setup provides for_a_flaw resolution 
of 0. 005 in. 

A Bug-O -T rack and Mark II drive unit is used to accurately move 
the transducer the length of the tube while the tube is rotated by_a_separate 

power source,. A Micro- Mini- Manipulator, . manufactured by Automation, 

Inc._, is used to accurately position and move the immersion transducer, 
in the required. axes. If a flaw of significant magnitude is detected (which 
is pre-set according to-required standards), .an alarm is. activated to alert- - 
the operator and simultaneously turn off all tubing movement as well as 
transducer movement. The operator, then marks the suspect area for 
detailed mapping and/or flaw characterization. Double and triple probe - 
mounted automated systems are employed if time is a factor and defects 
are. checked simultaneously. The flaws are characterized as longitudinal 
(parallel to tube axis), circumferential (90° to tube axis) ancLherringbone 
(45° to tube axis). A test tube master flaw indicator is fabricated with con^.. 
trolled and known depth_of induced flawe. for_all three patterns. This test 
tube is used to calibrate the syste m f or all three axes and is also used to — 
set. the level for the system to trip the alarm,. 

The SST titanium tubing received an ultrasonic inspection by Zirtex 
and twn_ultrasonic inspections Jby Boeing. The 21-6-9 tubing received 
an ultrasonic inspection by Bishop Tube and was also ultra 90 nically 
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inspected by SwRJ.. The titanium tubing from Bishop tube also received 
ultrasonic inspection after-fabrication and when received. by SwRI. 

The trigger level for flaw detection was Set at .002" depth_with the 
flaw surfa.ce dimensions maximum as . 020. x . 060, A nominal amount of 
tubing was rejected by SwRI using these limits and it . was impossible to 
determine the percentages of rejection by Bishop Tube. The 3A1-2. 5V Ti. 
purchased from Bishop Tube was specified. to contain texture control. and 
since the Boeing SST 'tubing was not texture controlled a marked difference, 
should appear in the data between the two types of finish according to tests . 
conducted by Bceing. Separate identification was made for each type of . 
tubing in order to determine the significance of the. texture control finish. 

In some test tubing specimens , superficial scratches were installed to 
dete rmine. the . le ve Lof O. C. inspection by each vendor's facility. Some 
vendor's Q. C. caught the defects while others -did not. .. 


XI. MS FITTING'- BASE LINE. DAT A 


In the past, many individual tests_have been conducted on the MS — 
flareless fitting with a minimum of documentation. The MS flareless 
fittingjwas accepted. as a standard for.-a_num.ber of years because flared 
tube joints presented a critical problem with the .flaring of the higher strength 
materials The MS flareless fittings surpassed the. AN flared fitting in all 
tests as it should at the 3000 psi operating pressures because the MS series 
fitting is highly overdesigned as has been proven by Lockheed Aircraft at 
Burbank. The.- rede signed MS fittings by Lockheed reduced the weight of a 
fitting assembly and the margins of safety are_still adequate for a 3000-psi __ 
system. These redesigned MS fittings were not used as a baseline reiere.nce- 
in this program, however.. Only the standard MS fittings were used and they 

consisted of: 

MS.2L921 Nut. 

MS 21922 Sleeve 

MS_2 190 2. Union 

All MS fittings were. assembled with precise X.-control using the 
Weatherhead tools for presetting the sleeves.. The test specimens were 
made up in the same length as the test specimens submitted by all vendors 
for the various tests.in order that the resulting baseline data be compatible _ 
with the data from the same tests on. each vendor's design. This has been 
the problem in correlating_data from the previous tests because a minor 
change in the test procedureor specimen design can produce a significant 


f 
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change in the results, therefore, we .have one of the primary reasons for 
development of a testing standard with-detail specifications covering the 
specimen design, equipment design and operational, or te st. procedures. . 

The MS union is considered as a separable fitting and the minintum 
quantity of test specimens required is 39 for this program. The. test proce- 
dures for each- teat contain a. recommended minimum number of specimens 
for qualification-testing of fitting /tubing assemblies. 

The MS assemblies were tested as Class II fittings using the follow- 


ing parameters: 

Temperature:. -65°F to +275 °F- 

Ope rating. Pressure: 3, 000 psi 

Proof Pressure: 6, 000 psi 

Min. Burst Pressure: _ 12, 000 psi 

Each test proceriure..lists the applicable test parameters for-Class. I 
and .Class II fittings.. Due to the overdesigned configuration of the MS fitting, 
very few failures were anticipated with the Class II parameters and 
appropriate tests. The MS separable fitting assemblies_received the follow- 
ing serie s of tests usin g the noted references as a guide: 

Test . 

*1, Repeated Assembly 

2. Proof Pressure 

3. Burst Pressure 

4. . Combined Proof and Burst Pressure 

5. Impulse - 

*6,. Assembly Torque. and Misalignment 

* 7. Axial Pull and *Tube Restraint 

*8. Structural Load Relaxation 


Refe re nee 


MIL-F18280-C 

ARP-899 

ARP-899 

ARP-899 

MIL - F 1 8 28-QjlC. 

SwRI 

SwRI 

SwRI 


* Applicable to separable fittings only 


Test 


Reference 


9. 

Gaseous -Leakage 

ARP-899 

1.0. 

Eire Resistance 

ARP- 1055 

11. . 

Thermal Shock 

ARP -8 99 

12. 

Stress Corrosion 

ARP-899; FTS-L5J. 
MIL-F18280-C 

*13. 

_ Vibration 

MIL-STD-810B 

14. 

Rotary Flexure and Fatigue— — 

MIL-F- 18280-C 


Under "References", if no standard existed for the particular. ...test to use 
as a guide, Southwest Research and ASD jointly agreed on the recommended 
procedure. . 

Carbon steel MS sleeves and nuts, were used in the test specimen 
assemblies, knowing that the stre ss.corrosion test would be rather severe 
on. this combination. .The test results on the MS fittings are-contained in 
a separate volume of this series and are made public information. 

The complete MS~fitting test program and results.are assembled in 
a separate report entitled: "Baseline Data from Tests Conducted on Standard 
MS Tube Fittings", and is available from the ASD/ENJP-H project office. 


i 

i 

i 

* 


* A pplicable to separable fittings only 
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xii. Summary 


Due to .a curtailment of funds, the total program could not be com- — 
pleted at this time, ..Every effort will be made to secure funds to complete 
testing pf'the remaining test specimens or at least the more critical or 
important testa. The foregPing sections present the general overall pro- 
gram with the exception of the test data. Only the final report on the MS 
fitting baseline data contains the results of the_test data because this is 
public information available to everyone. The data generated from the 
various types of fittings will not be disseminated to the public and only the 
vendors will receive, copies of the data pertaining to their own fittings. 

Any one- desiring copies of the test. data resulting frpm.this .test program- 
will be referred, to the particular vendor in question. If -the vendor wants 
that particular data made available, then he has the. night to do so.. No one.. 
but ASD -will .have_a copy of the total data package and this will be for their 
own inte rnal, use. 

As previously explained, there was no winner picked-as a result of 
this test program. The fittings ware simply purchased and evaluated under 
identical conditions so that a true comparison and .evaluation could be made, 
For-this reason,_the_MS fitting was_tested to be used as baseline-data since 
the MS fitting is still .a reliable fitting (though heavy) for 3000 psi systems. 
If funds are. acquired to compl ete testing of the remaining specimens, only 
the attaxhed data sheets will be revised by additional data points. 
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There is no analysis or critique of the test results included in the — 
attached data summaries. ..It was agreed that each vendor could take the 
data applicable to his fittings and_analyze it any. way that best Suits the use 
for which it is intended. The tests that are considered as destructive will 
have comments as to where and what. type of failure was generated. All 
other specimen tests are accompanied by comments and data from which 
an analyses /summary can be gene rat ed. 

Any technical questions concerning this report and data, contained 
herein can be directed to the project monitor at ASD/EN JPH,_Mjv Ray 
Hess (5 1 3 55- 5229) or to the contrach.project_ manager, Mr. C. R,. Ur sell 

at Southwest Research Institute in San Antonio, Texas (512/684-5111). The 
test macl inery and equipment u_sed.in this program will remain intact at. 
Southwest Research for use by fitting manufacturers to obtain test data, 
that can be used in direct correlation with the test results attached to this 


report. 
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XIII.. 


REFERENCE 


S 


Military Specifications 

MIL-F- 18280 Fittings Flareless Tube, Fluid Connection 
MIL-P-5509 Fittings, .Flared Tube, Fluid Connection 
MIL-F-27417 Fittings, Rocket Engine, Fluid Connection 

Military Standards 

MS 33649 Bosses, Fluid Connection - Internal Straight Thread 
MS 33566 Fitting, Installation of Flareless Tube - Straight Threaded Connector 
AND 10664 Fitting, Installation of Flared Tube, Straight. Threaded Connectors 
MIL-ST.D.-8 10 Environmental Test Methods - 

NASA Specifications 

KSC-F-124 Fittings /Pressure Connections /Flared Tube 

MSFC -SPEC- 143 Fittings, Flared Tube /Premium Quality/Pressure Connections, 
Specifications for — ... , 

Industry Specifications 

ARP 899 Connectors and -Connections, Fluid System * Permanent Type 
ARP 1055 (Proposed) Fire Resistance and. Fire Test Requirements for Fluid 
System Components 

■AR-l 3 603 Impulse Test Equipment for Testing Hydraulic System Components 
ARP 1185_(Eroposed). Flexure Testing of Hydraulic Tubing, Joints and Fittings. 

Technical Reports 

AFAPL-TR-6-9-67 Titanium 6AL-4V Hydraulic Plumbing for Advanced Aero- 
space Vehicles 

AF' RPL-TR-65- 16.1 Exploratory Development-Work on Families. of Welded . 
Fittings for Tlocket Fluid Systems- 

RPL.TDR 64-24 Applied Research and. Development on Families of Brazed 
and Welded Fittings for Rocket Propulsion Fluid Systems. 

AERPL TR 65-162 Development of AFRPL Threaded Fittings for Rocket 
Fluid Systems 

RTD TDR 63-4115 Development Of Mechanical Fittings - Phases I and II 
ASD TR 61-483 Metallic Boss Seal Evaluation and Test Program 
RPL TER 64-2 5 -Aerospace -Fluid Component Designers Handbook Vols 1 & 2 
NA 60-648 Evaluation of AM- 350 CRES Hydraulic Tubing and LD 273-0001- 
Union - Brazed Tube for 4000 PSlG Hydraulic Systems Applicable 
to SB -70 Air plane 


WAJ3CTH 59-267 Hydraulic and. Pneumatic Fitting and Tubing Test Program 
WADC'TR 55- 163. Testing of Metal Boss Seals- 

NASA-Tech Brief 7 1 -10266. - Aug. 107.1 Criteria for Vibration Testing 

NASA--CR-91.356(N6B--12965) The Study of Mechanical Shock..Spectra for - 

Space-c raft Applications 

DOT-.FA-SS-7 1 = 12 Titanium Tubing and Fittings,. The Boeing Co. 

(Texture Control Tubing Tests) 


